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Childhood obesity disproportionately affects low-income families and those of 
Hispanic origin.  Obesity is prevalent even among preschool children, and effective 
preventive interventions remain to be developed. Mothers, through their food choices and 
modeling behaviors, exert powerful influence over children’s diets and may therefore be 
ideal targets for such interventions. The purpose of this study was to assess the 
association between maternal diet quality and children’s body size.  
Data came from a study of Endotoxin, Obesity, and Asthma in NYC Head Start, 
to which African American and Hispanic families were recruited. Mothers answered a 
food frequency questionnaire (FFQ) and a questionnaire about maternal and child 
characteristics. Children’s body size was measured by child’s BMI z-score and 
percentile, child’s Waist-to-Height Ratio (WHtR), and child’s triceps and subscapular 
skinfold thicknesses. For the dissertation, we assessed maternal diet quality measured by 
HEI-2015 Total Score, and children’s adiposity at baseline and at one- and two-year 
follow-ups. This secondary analysis used data from 380 mother-child dyads with 
 complete exposure and outcome data at baseline and, of those dyads, 167 mothers and 
235 children who provided data at one-year follow-up, and 73 mothers and 110 children 
who did so at two-year follow-up.  
Mean HEI-2015 total score at baseline was 64.3±8.7 of 100, but 69.8±8.6 for 
Dominican and 60.2±6.5 for Mexican mothers. HEI scores were also associated with 
mothers’ marital status. Of the children, 44% were considered overweight or obese and 
75% had WHtR > 0.5. Children of Mexican descent had higher WHtR than other groups. 
Maternal diet quality was not associated with any of the adiposity variables (BMI z-score, 
Triceps nor Subscapular z-score, or WHtR) at baseline or one-year follow-up. In 
regression models, Mexican ethnicity and younger age were associated with greater 
WHtR at baseline, but not one year later. 
Although HEI-2015 score was not related to child adiposity, it was related to 
national origin, which was related to adiposity. Maternal diet quality needs further study 
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Chapter I – INTRODUCTION 
In the past few decades, the body size of children and young people has become a 
serious public health concern.  The Centers for Disease Control and Prevention (CDC) 
defines overweight as a body mass index (BMI) at or above the 85th percentile and less 
than the 95th percentile, and obesity as BMI at or above the 95th percentile, observed in a 
population of a given sex (CDC, 2016a).  According to the latest data from the National 
Health and Nutrition Examination Survey (NHANES), of children and adolescents age 2 
to 19 in the United States during 2015-2016, more than 13.7 million (18.5%) met the 
criterion for obesity (Hales, Carroll, Fryar, & Ogden, 2017), triple the proportion who 
met the same criterion during 1976-1980 (CDC, 2012).  In New York City (NYC), 
prevalence was highest among children and adolescents of Hispanic descent (21.9%), 
next highest among non-Hispanic Blacks (19.5%), then by non-Hispanic Whites (14.7%) 
and finally non-Hispanic Asians (8.6%) (Ogden, Carroll, Fryar, & Flegal, 2015). 
Childhood obesity prevalence also varied by income level.  According to data from the 
National Survey of Children’s Health (NSCH), during 2011-2012, obesity prevalence 
was 26.6% among children in families where household income was at or below 99 
percent of the federal poverty level (FPL); 19.1% among those with household incomes 
100 to 199% of the FPL; 13.5% among those with household incomes 200-399% of the 
FPL; and 9.0% among those with household incomes at or above 400% of the FPL 
(Dabrowska, 2014). According to Women, Infants, and Children (WIC) Participants and 
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Program Characteristics (WIC PC) data from 2014, obesity prevalence among children 
ages 2-4 years old participating in WIC was 14.5%, significantly higher than the national 
average of 8.4% (Pan et al., 2016). 
Obese children are at risk for high blood pressure and high cholesterol (known 
risk factors for cardiovascular disease), impaired glucose tolerance, insulin resistance, 
and type-2 diabetes (CDC, 2015).  These risk factors, also known as the insulin resistance 
syndrome, have been found in children as young as five years (Ebbeling, Pawlak, & 
Ludwig, 2002).  Obese children also are at risk for social and psychological problems, 
such as discrimination and poor self-esteem, which can continue into adulthood (CDC, 
2015).  Furthermore, obese children are at a greater risk than leaner children of becoming 
obese adults and adult obesity is associated serious health conditions including heart 
disease, diabetes, and some cancers (CDC, 2015).  Finally, overweight/obesity in 
childhood may lead to more severe obesity in adulthood (CDC, 2015). 
Thus, obesity in young children, especially in children from lower socioeconomic 
backgrounds and those of Hispanic heritage has become a public health issue. 
Interventions delivered during childhood may have the best potential for influencing 
obesity risk (Ball et al., 2013).  However, the majority of interventions targeting children 
are school-based and focus only on the child.  According to Birch and Ventura, such 
school-based interventions may occur too late in children’s development (Birch & 
Ventura, 2009), missing a critical window of opportunity.  Golan and colleagues believe 
that focusing only on the child can be detrimental; instead a family focus or even one 
targeting parents exclusively may be preferable (Golan, Weizman, Apter, & Fainaru, 
1998).  School-based interventions fail to take advantage of the powerful influence of 
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mothers and the family environment.  Parents, especially mothers, wield significant 
influence over children’s dietary behavior. Mothers, through their food choices and 
modeling behaviors, may purposefully or inadvertently influence children’s diets and 
therefore obesity rates.  Accordingly, this dissertation investigates the potential 
association between maternal diet quality and childhood obesity in a sample of 
Hispanic families attending NYC Head Start. 
Background and Rationale 
Early childhood is a critical period in the formation of eating habits.  During the 
early childhood period (birth to year 8), children are learning about foods, solidifying 
their preferences, and becoming more observant of their environment.  For example, 
Ashcroft and colleagues’ investigation of the continuity and stability of eating behavior 
of children in the United Kingdom showed that domains of eating that were measurable 
at age four remained stable at age 11 (Ashcroft, Semmler, Carnell, van Jaarsveld, & 
Wardle, 2008).  In a longitudinal study of Finnish youths, Mikkila and colleagues 
measured dietary pattern in 1980 when youths were ages 3-18, and again 6 and 21 years 
later (Mikkila, Rasanen, Raitakari, Pietinen, & Viikari, 2005). Dietary patterns remained 
stable at each time point. These researchers also found that dietary patterns in childhood 
were related to cardiovascular risk factors and vascular markers of subclinical 
atherosclerosis in adulthood (Kaikkonen et al., 2013). Early childhood therefore, while 
eating habits are being formed, may be the best time to address dietary behaviors.  
Early childhood is a critical period for obtaining a healthy weight.  Body size 
during early childhood predicts later body size.  Overweight children have been found to 
  
4 
have a 1.5-2.0 times higher risk than normal weight children of becoming overweight as 
adults and they tend to remain overweight up to age 20 years (Nicklas, Baranowski, 
Cullen, & Berenson, 2001).  Sun and colleagues ascertained age- and sex-specific values 
in childhood for BMI and waist circumference that predict metabolic syndrome later in 
life.  They found that BMI at age eight in boys and age 13 in girls predicted metabolic 
syndrome in adults.  Waist circumference at age 6 in boys and age 13 in girls also 
predicted metabolic syndrome in adulthood (Sun et al., 2008).  Ball and colleagues 
concluded that interventions undertaken during early childhood may have the best chance 
of reducing obesity risk (Ball et al., 2013). 
In a review of obesity prevention interventions, Waters and colleagues found 8 of 
55 studies that targeted children aged 0-5 years (Waters et al., 2011).  The researchers 
conducted a meta-analysis of pre- and post BMI/BMIz from seven of the eight studies 
(one study did not report these data) and found an effect size of -0.26 (-0.53 to 0.00).  For 
children in the intervention group, BMI/BMIz change from pre- to post-intervention was 
0.26 units less than that for children in the control group; this finding was not statistically 
significant. A similar analysis of interventions conducted in education-type settings also 
found no benefit; the effect size was -0.03 (-0.15 to 0.09; p=0.58).  However, the effect 
size in a subgroup of interventions (intervention group n=66; control group n=154) 
conducted in homes or healthcare settings (i.e., not in educational-type settings) was 
larger and statistically significant, -1.08 (-1.39 to -0.77; p=0.0001).  Therefore, for 
children aged 0-5, interventions conducted outside educational settings, perhaps 
involving greater parent engagement, were more effective. 
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Early childhood is a critical period for learning by experience and by role 
modeling.  Research from the Habeat Consortium shows that children learn to eat 
vegetables by experience (Issanchou, 2017). Experiential learning comes in three forms: 
repeated exposure--offering the same food several times without forcing; flavor-flavor 
learning--temporarily pairing a neutral or disliked food with a liked food to cause a shift 
in response of the initially neutral or disliked food; and flavor-nutrient learning--pairing a 
neutral or disliked food with calories that produce a positive effect after consumption and 
thus causing a shift in response to the initially neutral or disliked food (Issanchou, 2017).  
Repeated exposure was effective in getting most children (85%) to eat more than 10g by 
the 5th exposure, although it was ineffective in approximately 15% of children, including 
preschool aged children and fussy eaters (Issanchou, 2017).  Among 3-5 year-olds who 
had low initial consumption of familiar vegetables, repeated exposure (twice a week) did 
not increase consumption of these vegetables suggesting that alternative strategies are 
needed. 
In addition to experiential learning, observational learning or role modelling has 
been shown to influence children’s food choice behavior (Issanchou, 2017). Parents are 
usually the first role models for children.  “Parent role modeling is often conceptualized 
as a parent’s purposeful or intentional effort to demonstrate healthy food choices and 
eating behaviors to encourage similar behaviors in the child” (Vaughn, Martin, & Ward, 
2018).  However, Palfreyman and colleagues suggest that modeling comes in three forms, 
verbal, unintentional and behavioral consequences (Palfreyman, Haycraft, & Meyer, 
2014). Thus parents may demonstrate unhealthy behaviors as well as healthy ones, 
perhaps by their words or actions when they believe the child is not watching.  Therefore, 
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presumably, obesity control interventions should address parental modeling roles. 
Additionally, some evidence indicates that directly targeting the child may be 
detrimental. (Golan, Weizman, et al., 1998). 
The Social Ecological Model (SEM) suggests that changes in individual outcomes 
are influenced by both individual-level factors and interactions with the larger social, 
cultural, economic and environmental contexts in which individuals live.  The Social 
Ecological Model has been used to describe etiology of childhood obesity and to develop 
a framework for prevention.  Two studies have used the SEM to study the etiology of 
childhood obesity and to map the relative contributions of layers of the SEM (Lytle, 
2009; Ohri-Vachaspati et al., 2015).  The studies show that parent characteristics were the 
strongest layer in predicting child weight status.  The Social Learning Theory posits that 
people learn from one another, via observation, imitation, and modeling (Bandura, 1977). 
These constructs provide the theoretical framework for the current study. 
Rationale for Targeting Mothers for Dietary Intervention—Mothers’ Role in 
Children’s Health 
 Mothers play a leading role in their young children’s lives, most fundamentally by 
nourishing them.  From conception through the perinatal stage, whatever a mother eats, 
her child necessarily eats.  Research in the developmental (or early life) origins of health 
and disease has shown links between maternal pre- and perinatal diet and infant health 
outcomes. 
During the neonatal period, the child may still be nourished directly by the mother 
through breastfeeding.  A number of studies, although not all, have demonstrated a 
protective link between breastfeeding and child obesity (Azad et al., 2018; Bell et al., 
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2018; Oddy et al., 2014; Oyarzun et al., 2018; Sirkka et al., 2018).  With the introduction 
of solid foods, the child’s diet no longer is directly based on the mother’s diet and the 
mother-child feeding relationship shifts from biological to social.  Yet numerous studies 
have shown similarities between mothers’ and children’s diets (Bogl et al., 2017; Fisk et 
al., 2011; Hansson et al., 2016; Papas, Hurley, Quigg, Oberlander, & Black, 2009).  Most 
often, the mother is the child’s primary caregiver, and as such, the one who introduces 
new foods to the child; presumably the mother chooses the foods she herself likes to eat, 
considers healthy, or can afford (Hart, Raynor, Jelalian, & Drotar, 2010).  At this stage, 
the mother serves as role models for the child, often tasting the child’s food to 
demonstrate its palatability (Savage, Fisher, & Birch, 2007). 
Early childhood is a period of changing dynamics between mother and child.  As 
babies are weaned from the breast and/or introduced to solid foods, their mother may no 
longer be the sole provider of nourishment; some other household members may take the 
responsibility for the child’s meals, or the child may enter daycare or preschool. 
However, the mother’s influence on the child’s diet continues to be paramount.  Mothers 
often decide which food items are made available to their children in the home (Golan & 
Crow, 2004; Miller, Moore, & Kral, 2011).  Mothers are predominantly responsible for 
meal preparation in U.S. households.  According to the United States Department of 
Agriculture (USDA, 2013), in 2008, in households consisting of one adult and at least 
one child, 98.1% of adults responsible for grocery shopping were women, and 94.3% of 
those responsible for preparing meals were women.  During the same time period, in 
households consisting of two adults and at least one child, 78.8% of persons responsible 
for grocery shopping and 77.9% of those responsible for preparing meals were women. 
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Research has shown that these social arrangements may influence the child’s 
long-term health.  A study designed to evaluate associations of maternal pregnancy diet 
and child’s diet quality at age 2-3 years revealed that both maternal pregnancy diet and 
post-natal diet were associated with child’s overall diet quality and fruit and vegetable 
consumption (Ashman, Collins, Hure, Jensen, & Oldmeadow, 2016).  Mediation analyses 
showed that pregnancy diet was mediated through maternal postnatal diet, especially for 
fruit and vegetables.  A recommendation stemming from this study is that interventions 
should be designed to improve diet quality and variety in mothers with young children so 
as to impact offspring’s eating habits. 
The environment in which a meal is eaten may also impact childhood obesity. 
Family mealtime provides an ideal opportunity to model healthy eating behavior 
(Verhage, Gillebaart, van der Veek, & Vereijken, 2018).  An investigation by Palfreyman 
and colleagues found that mealtime verbal and behavioral modeling by mothers was 
related to less responsiveness to food cues and external eating, less emotional overeating, 
and more food enjoyment among children under six years old (Palfreyman et al., 2014). 
Rationale for Targeting Mother’s Diet Quality 
 Several determinants of obesity have been identified, including genetic factors, 
pre- and perinatal factors, health status, and various aspects of the environment.  The 
most proximal determinant of obesity is presumed to be the balance between energy 
intake and expenditure (Gortmaker et al., 2011).  Energy balance is determined by 
various energy balance-related behaviors (EBRBs).  EBRBs include dietary behaviors, 
physical activity, sedentary behaviors and sleep duration.  Higher energy intake is related 
to poorer diet quality, which in turn is related to obesity (de Hoog et al., 2014).  Lower 
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energy density foods are associated with a greater sense of satiety and reduced daily 
consumption of energy (Rolls, 2009).  A review by Perez-Escamilla and colleagues 
concluded that dietary patterns relatively low in energy density improves weight loss and 
weight maintenance among both children and adults (Perez-Escamilla et al., 2012). 
A standard approach to managing or reducing obesity risk has been to adopt a 
healthy lifestyle, which includes eating a healthy diet and being physically active.  To 
that end, the USDA has developed guidelines to help Americans adopt a healthy eating 
pattern or a higher quality diet, which will help them achieve and maintain a healthy 
weight and prevent disease (USDA & HHS, 2015). Revised guidelines are issued every 5 
years and are the basis of federal nutrition policy. 
The concept of diet quality emerged from recognition of the need for a tool for the 
measurement and surveillance of dietary intake of populations, evaluation of nutritional 
interventions, and risk assessment for disease outcomes (Alkerwi, 2014).  Despite 
disagreement regarding its definition, diet quality is often used to describe how well an 
individual’s diet conforms to dietary recommendations.  A good diet nurtures us—it 
provides the necessary ingredients for growth and health (Alkerwi, 2014).  A poor diet on 
the other hand, may lead to stunted development, degenerative conditions and overall ill 
health (Alkerwi, 2014). 
Diet quality can be measured in several ways--through the evaluation of nutrients 
or specific foods, data-driven a posteriori approaches including factor analysis or cluster 
analysis or guidance-based index scores which are defined a priori (Reedy et al., 2014). 
The use of nutrients as a means of evaluation may lead to the reductionist fallacy or an 
oversimplification of causal relationships.  Many have pointed out that this approach is 
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flawed because individuals eat foods, not nutrients.  However, the use of specific foods as 
the basis for evaluation is equally flawed because foods are eaten in combination and can 
have synergistic effects.  The a posteriori approaches are more comprehensive, but 
because they are drawn from specific populations, comparisons across studies become 
difficult.  Dietary indices attempt to assess the multidimensional components of the diet. 
Since they are based on external criteria, they facilitate comparisons across studies. 
To aid in assessing how well Americans are meeting dietary guidelines, the 
USDA developed the Healthy Eating Index (HEI), a diet quality index that measures 
quality, independent of quantity, in terms of how well diets meet federal dietary 
recommendations (Guenther et al., 2013; USDA, 2013).  The HEI-2015 is the latest 
iteration of the index and reflects the 2015 Dietary Guidelines for Americans (DGA) 
(Guenther et al., 2013).  The federal government uses the USDA Food Patterns to 
translate key recommendations of the DGA into specific, quantified recommendations for 
types and amounts of foods to consume at 12 calorie levels (Guenther et al., 2013).  The 
USDA Food Patterns are used to set the scoring standards for the HEI.  These scoring 
standards are density-based (amount of component consumed per 1,000 kcal), which 
allows the relative mix of foods to be evaluated. 
Information on diet quality in Hispanic mothers with limited resources and the 
factors that influence it is scarce.  In an investigation of dietary intake among Head Start 
preschooler-caregiver dyads in Mid-Western US, 67% of caregivers met fruit and 
vegetable recommendations while only 9% of preschoolers did so (Ling, Zahry, 
Wasilevich, & Robbins, 2018).  Although 94% of caregivers were women, the proportion 
represented by mothers was not stated.  Results from cross-sectional principal component 
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analyses to investigate predominant dietary patterns among Hispanic women indicate that 
neighborhood level acculturation was associated with healthy dietary patterns among 
Head Start caregivers in NYC (Park et al., 2011).  Hoerr and colleagues found that diet 
quality varied by race/ethnicity among Head Start mothers and was low overall.  Hispanic 
mothers had better diet quality compared to African American and White mothers.  The 
researchers speculated that the difference was due to the Hispanic mothers’ limited 
acculturation, but did not measure acculturation. 
Diet quality in adults is correlated with disease outcomes.  Good diet quality has 
been linked with health and longevity (Harmon et al., 2015).  Several studies have shown 
inverse relationships between good diet quality as measured by the HEI and all-cause 
mortality (Harmon et al., 2015; Liese et al., 2015; Reedy et al., 2014; Yu et al., 2015) and 
cancer mortality (Harmon et al., 2015); between diet quality and disease outcomes such 
as colorectal cancer (Miller et al., 2013; Reedy et al., 2014), cardiovascular disease 
(Reedy et al., 2014; Yu et al., 2015) and even hip fractures (Haring et al., 2016). 
However, not all studies show a positive relationship.  Chandran and colleagues showed 
no protective benefit of healthy diet against ovarian cancer (Chandran et al., 2011). 
Diet quality in parents is correlated with diet quality in children.  Several studies 
have demonstrated associations between parental dietary intake (as assessed by a variety 
of measures, not just HEI) and child’s dietary intake (Ashman et al., 2016; Bogl et al., 
2017; Fisk et al., 2011; Hansson et al., 2016; Hart et al., 2010; Laster et al., 2013; Miller 
et al., 2011; Oliveria et al., 1992; Papas et al., 2009; Patrick & Nicklas, 2005; Pearson, 
Timperio, Salmon, Crawford, & Biddle, 2009; Robson et al., 2016; Russell et al., 2016; 
van der Horst et al., 2007; Vaughn et al., 2018; Zuercher, Wagstaff, & Kranz, 2011). 
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These studies investigated whether familial (genetics, shared home environment related 
to diet) or non-familial factors play a larger role in shaping children’s diet.  Together, the 
results provide further evidence of an important mother-child relationship for dietary 
intake. 
Diet quality in children is correlated with adiposity in children.  Research has 
shown associations between diet quality and adiposity in both adults and adolescents. 
Several studies assessed the relationship between diet quality and body composition in 
adults and adolescents (Bacopoulou, 2017; Burns, 1993; Drenowatz, 2014; Goa, 2014; 
Newby, 2003, 2004, 2006; Togo, 2014; Yoshida, 2016; Zamora, 2010).  In a study that 
evaluated adolescents, increased adherence to the Mediterranean diet was inversely 
related to waist circumference.  In the studies evaluating adults, all studies found inverse 
relationships between diet quality and either BMI or waist circumference.  Most studies 
showed the same relationships in both men and women. In one study, protein intake was 
positively associated with waist circumference (Yoshida, 2016). 
Of five studies of children’s diet quality and adiposity (Gazzaniga, 1993; Lioret, 
2014; Miller, 2011; Nicklas, 2003; Pinket, 2016), four of the five showed inverse 
associations.  However, one study, Nicklas, suggested that some of the nutrition variables 
performed poorly in explaining the variation in adiposity and only one study, Lioret 
(2014), employed a longitudinal design.  The studies were limited by small sample sizes, 
lack of racial/ethnic diversity, age 5 years and lack of an overall measure of diet quality. 
Mother’s diet quality may or may not be associated with child adiposity.  Only 
two studies to date have investigated associations between maternal diet quality and 
child’s adiposity (Acharya, 2011; Papas, 2009).  In a randomized controlled trial 
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designed to promote parenting and adolescent development, Papas et al. (2009) examined 
the relationship between maternal and toddler diet variety among 109 low-income, 
African American adolescent mothers and toddlers.  Mothers who were pregnant or 
lactating at 13 months were excluded from the analyses.  Maternal and toddler dietary 
intake were assessed at 13 months using the Youth Adolescent Food Frequency 
Questionnaire (YAQ) for mothers and a 73-item feeding checklist for toddlers. 
Anthropometric data were collected when the children were 13 and 24 months.  Weight-
for-length percentile and z-scores were the outcome measures for the child, while BMIz 
was used to classify mothers.  Multiple logistic regression analyses were conducted to 
estimate associations between maternal and toddler diet and odds of obesity in toddler at 
24 months.  The researchers used kcals per day and daily servings of 6 food categories 
(fruit, vegetables, snacks and desserts, meats and main dishes, dairy, and non-diet soda) 
to characterize maternal diet.  Analyses were conducted with and without data for 
mothers with out-of-range values (<500 and >5000 kilocalories) to rule out reporting 
errors.  Covariates included maternal age, education, BMIz, intervention status, 
breastfeeding initiation, infant birth weight, gender, and weight-for-length z-score at 13 
months.  There were no significant associations between maternal dietary intake and 
toddler weight status at 24 months.  In this study, attempts to evaluate overall diet quality 
with regards to dietary recommendations were limited. Recommendations for maternal 
fruit and vegetable consumption, operationalized as 5-A-Day, were not associated with 
obesity in toddlers (OR=0.76; 95% CI: 0.3, 2.4).  Recommendations for maternal sugar 
consumption, operationalized as drinking more than 2 sodas a day, was not associated 
with obesity (OR=1.2; 95% CI: 0.5,2.9). 
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In a cross-sectional secondary data analysis, Acharya and colleagues (2011), 
investigated the prevalence of obesity and variables associated with child BMIz and 
caregiver BMI.  Caregivers reported on their own intake and that of the child on the same 
day--a limitation.  Measures of long-term dietary intake were obtained using a Block FFQ 
while short-term intake was obtained by 3 non-consecutive days of 24-hour recalls.  
These were averaged to create a composite view of dietary intake.  The use of 2 
instruments to assess nutrient and food groups in children was novel.  The large sample 
consisted of 720 caregivers and their 3-5 year-old children from Head Start Centers in 
urban and rural Alabama and urban Texas.  The Alabama sample consisted of White and 
Black participants, while the Texas sample consisted of Hispanic participants.  
Caregivers were defined as persons responsible for greater than 50% of the child’s 
dietary intake outside of Head Start.  The researchers did not describe the composition of 
the Hispanic participants, so an assumption is made by the reader that they were of 
Mexican descent/origin.  The percentage distribution of the caregivers among mothers, 
fathers, or others, was not adequately described, although a majority were being women. 
The failure to report national origin is important because cultural differences among 
Hispanic groups are reflected in food differences.  In addition, the central question of our 
study is whether mothers’ diet quality and children’s adiposity are related. If the 
relationship is specific to mothers as opposed to other caregivers, failure to disclose the 
caregiver’s relationship may bias findings.  However, the study found a positive 
correlation (0.13; p=0.001) between caregiver intake of unsweetened beverages and child 
BMIz.  Caregiver consumption of fatty meats was marginally inversely associated (-0.07; 
p=0.06) with child BMIz.  Both of these findings are contrary to expectations.  The 
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researchers hypothesized that the findings were due to reverse causality whereby 
caregivers adopted foods believed to be better for their own weight than that of their 
children.  This hypothesis was not testable due to the cross-sectional nature of the study. 
Results from these investigations are equivocal.  The Papas study found no 
association between maternal diet quality (as measured by food groups) and toddler body 
size (as measured by weight-for-length percentile and z-scores) while Acharya and 
colleagues found positive associations between unsweetened beverages and fatty meats 
and child BMIz.  These two studies had several limitations that are relevant to the 
proposed investigation.  First, neither included a measure of overall diet quality (but 
instead looked at food groups and nutrients).  Second, only one of the two studies--Papas, 
studied African American teenage mothers while Acharya studied White, Black, and 
Hispanic caregivers.  No breakdown of the Hispanic participants by nationality was 
provided, and only one study (Papas, 2009) employed a longitudinal design.  The 
limitations of these studies justify further exploration of whether maternal diet quality is 
related to child’s body size. 
Setting to Evaluate Diet of Hispanic and non-Hispanic families of lower SES   
 Head Start is an ideal setting in which to engage economically disadvantaged 
mothers of young children about diet quality.  Head Start is a program sponsored by the 
United States Department of Health and Human Services that promotes school readiness 
by enhancing cognitive, social, and emotional development through the provision of 
educational, health, nutrition, social and other services to children age 3-5 years and their 
families (ACF).  According to data from the Head Start Family and Child Experiences 
Survey (FACES 2003), the median annual household income of Head Start families was 
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$13,200 in 2002 when the Endotoxin, Obesity, and Asthma (EOA) study began (Zill, 
2006). Additionally, 60% of the families received the Special Supplemental Nutrition 
Program for Women, Infants, and Children (WIC), 53% received food stamps, and 19% 
received Temporary Assistance for Needy Families (TANF).   
         In 2002, when recruitment for the EOA study began, Head Start eligibility in New 
York City was based on the following criteria: (1) family income below 100% of Federal 
Poverty Level (FPL) with consideration of family size ($18,100 for a family of 4) 
(DHHS, 2010); (2) receiving cash assistance through TANF; (3) homeless (as defined by 
the McKinney Vento Act); (4) child is a foster child (ACS, 2012).  After priority was 
given to those meeting the above criteria, programs with Head Start funding were 
permitted to serve a limited number of families with incomes between 100% and 130% of 
FPL (up to a maximum of 35% of enrollees), and an additional 10% with incomes above 
130% of FPL. New York City has a higher income threshold (at or below 200% of FPL) 
for subsidies funded by the Child Care Development Block Grant (CCDBG) (ACS, 
2015).  When funds become available, New York City makes provisions to serve higher 
income families. The maximum incomes are: (275% (FPL) for a family of 2; 255% (FPL) 
for a family of 3; and 225% (FPL) for a family of 4 or greater. 
         Head Start programs are run by organizations, local government agencies, or 
school districts that receive five-year renewable grants from the federal government 
(ACF).  In New York City, the Administration for Children’s Services (ACS) is one of 
the larger grantees, sponsoring more than 250 Head Start centers throughout the city. In 
2002, a preponderance of these programs operated half-day programs where students 
would eat one meal, either breakfast or lunch, in the classroom. 
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         As part of their mission to educate the whole child, Head Start requires parents to 
participate in workshops on a variety of topics.  It is an ideal setting not only to engage 
parents, but also to disseminate information and implement interventions. 
Research Gap 
The current body of research linking maternal diet quality and child adiposity 
centers on maternal prenatal diet and its association with postnatal outcomes, but not 
maternal postnatal diet and its association with postnatal outcomes.  Additional research 
demonstrates a relationship between maternal diet quality and child diet quality, between 
diet quality and BMI within the same individual (e.g., mother’s diet and mother’s BMI).  
A next step, then, is to demonstrate a relationship between maternal diet quality and 
children’s adiposity.  Only two studies have evaluated this relationship and they had 
significant limitations, namely the lack of a comprehensive measure of diet quality (e.g., 
such as the HEI) and populations that were not ethnically- or socio-economically diverse. 
In addition, few studies, especially few longitudinal studies, have evaluated the diet 
quality of Hispanic mothers from lower socioeconomic backgrounds.  If maternal diet 
quality were shown to be associated with children’s adiposity, interventions to promote 
better quality diets in mothers might help their children to maintain or achieve desirable 
weights. 
Purpose 
The purpose of this study is to assess the association between maternal diet 
quality (as measured when their child was ages 3-5 years of age) and adiposity among 
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those children.  HEI-2015 scores will be used as a measure of mother’s diet quality and 
child’s BMI z-score, and skinfold thicknesses from two sites and Waist-to-height Ratio 
(WHtR) as measures of child’s adiposity.  We will also assess changes in maternal diet 
quality over time and their association if any, with changes in the child’s adiposity.  If 
such an association exists, these data will be used to help to inform the development of 
dietary interventions targeted at Hispanic mothers as a way to achieve healthy and 
desirable weights among their children.   
Specific Aims 
Aim 1 
 To evaluate the maternal diet quality of a sample of primarily Hispanic mothers of 
children attending NYC Head Start, as well as maternal factors associated with maternal 
diet quality. 
 Aim 1A.  To evaluate diet quality using HEI-2015 total and component scores 
 Hypothesis 1A.  The mean HEI-2015 total score at baseline will be below 60 or a 
grade F, consistent with HEI-2015 scores applied to NHANES 2011-2012 data for 
women in the U.S. HEI-2015 component scores will fall below maximum scores, 
especially for fruits and vegetables, whole grains, and all moderation components. 
 Aim 1B.  To evaluate two-year changes in maternal diet quality of a sample of 
primarily Hispanic mothers of children attending NYC Head Start.  Changes from 
baseline (T0) to follow-up 1, T1 (one year after baseline) will be evaluated.  Changes 
from baseline to follow-up 2, T2 (two years after baseline) will also be assessed. 
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 Hypothesis 1B.  Diet quality will track over time and not be significantly different 
at follow-up 1, T1, (one year after baseline) compared to baseline, nor at follow-up 2, T2, 
(two-years after baseline) compared to baseline. 
 Aim 1C.  To develop multiple regression models of relationships between 
maternal diet quality and mother’s demographic characteristics (age, ethnicity, education, 
place of birth, marital status, employment status, language preference at home, work and 
with friends, weight loss/diet attempts) at baseline.  
 Hypotheses 1C. 
• Age will be positively associated with diet quality. 
• Hispanic mothers will have better diet quality than other mothers. 
• Mothers with more education will have better diet quality than less 
educated mothers. 
• Mothers born outside the US will have better diet quality than US-born 
mothers. 
• Single mothers will have poorer diet quality than married or cohabitating 
mothers.  
• Mothers who do not work outside the home will have better diet quality 
compared to mothers who work outside the home. 
• Mothers who prefer Spanish at home, at work and with friends will have 
better diet quality compared to mothers who prefer English. 
• Mothers who have attempted weight loss/dieting will have poorer diet 




 To evaluate the prevalence of overweight/obesity in a sample of primarily 
Hispanic children attending NYC Head Start, as well as factors associated with 
overweight/obesity.  
 Aim 2A.  To evaluate the prevalence of overweight/obesity using BMI z-score, 
skinfold thicknesses (triceps and subscapular z-scores) and WHtR.  
 Hypotheses 2A.  
• The mean BMI z-score for this sample of primarily Hispanic children will 
be at or above 1.036 which corresponds to a BMI percentile at or above 
the 85th percentile for age and sex. 
• The mean WHtR for this sample of Hispanic children will be above 0.5 or 
50%. 
• The mean skinfold measurements will be at or above 1.036 which 
corresponds to at or above the 85th percentile for age and sex. 
 Aim 2B.  To evaluate two-year changes in overweight/obesity in a sample of 
primarily Hispanic children attending NYC Head Start. Changes from baseline (T0) to 
follow-up 1, T1 (one year after baseline) will be evaluated. Changes from baseline to 
follow-up 2, T2 (two years after baseline) will also be assessed. 
 Hypothesis 2B.  BMI z-score, WHtR, and triceps and subscapular z-scores will be 
higher at T1 and at T2 than at baseline. 
 Aim 2C.  To develop multiple regression models of the relationship between 
overweight/obesity status and children’s characteristics (sex, physical activity, sedentary 
behavior, and meals eaten while watching TV) at baseline. 
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 Hypotheses 2C:  
• Girls will have more overweight/obesity than boys.  
• Physical activity will be inversely associated with overweight/obesity. 
• Sedentary behavior will be positively associated with overweight/obesity. 
• The number of meals eaten while watching TV will be positively 
associated with overweight/obesity. 
Aim 3 
 To evaluate maternal diet quality as a predictor of child overweight/obesity, 
taking into account mother and child characteristics and behaviors. 
 Aim 3A.  To develop multiple regression models of relationships between 
maternal diet quality and child overweight/obesity, taking into account mother and child 
characteristics and behaviors at baseline and identified as significant in Aims 1 and 2.  
 Hypothesis 3A.  Taking into account mother’s age, child’s sex, child’s physical 
activity level, child’s screen behavior, race/ethnicity, mother’s place of birth, education, 
employment status, and maternal diet quality will be inversely associated with child’s 
BMI z-score, triceps and subscapular z-scores and WHtR at baseline (T0). 
 Aim 3B.  To use the most parsimonious regression model developed in Aim 1C to 
examine if the model holds at T1, one year after baseline.   
 Hypothesis 3B.  Taking into account mother’s age, child’s sex, child’s physical 
activity level, child’s screen behavior, race/ethnicity, mother’s country of birth, 
education, employment status, and maternal diet quality will be inversely associated with 




 Aim 3C.  To examine the level of agreement between measures of child adiposity 
and to examine which measure of child adiposity is most closely related to maternal diet 
quality.  
 Hypotheses 3C. 
• All four measures of child adiposity (BMI z-score, WHtR, Triceps z-score 
and Subscapular z-score) will be significantly correlated with each other. 
• Each measure of child adiposity (BMI z-score, WHtR, Triceps z-score and 
Subscapular z-score) will be significantly correlated with maternal diet 
quality. 
Significance 
         The main purpose of investigating the relationship between maternal diet quality 
and obesity during their offspring’s preschool years is to find a place where intervention 
may reduce the long-term risks associated with obesity.  The preschool years are a critical 
period where children’s individual dietary behaviors are being shaped.  Research on the 
relationship between maternal postnatal diet and preschool-age children’s body size is 
limited.  This study adds to the literature by examining these relationships using a 
measure of overall diet quality that is guidance-based while controlling for important 
covariates.  If it is found that maternal postnatal diet quality is related to child adiposity, 
then counseling women to focus on their own diet in order to improve outcomes in their 
child could change the focus of nutrition education to prevent and reduce childhood 
obesity.  This research can provide evidence to guide nutritionists, the medical 
community and community organizations that support women of limited resources who 
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have young children.  For example, food pantries serve many families with limited 
income and they can help these women make wiser food selections.  This research can 
also provide evidence to guide nutrition interventions and to develop future policies to 
reduce childhood obesity.  Helping mothers, especially low-income women of Hispanic 
descent, to improve their own diet may have the added benefit of reducing their obesity 
rates. 
Scope and Delimitations 
The current investigation (MDQ Study) is a secondary analysis of data from the 
Endotoxin, Obesity and Asthma (EOA) Study, a large prospective cohort study, funded 
by the NIH.  The EOA Study was designed to investigate the association of obesity and 
physical inactivity with the prevalence, persistence, and incidence of asthma-like 
conditions over a three-year period in a cohort of children, ages 3 to 5, entering Head 
Start programs in New York City.  The MDQ study population therefore consists of 
primary caregivers and their children ages 3-5 attending NYC Head Start programs and 
providing maternal dietary and child body size data in the EOA Study.  
The EOA Study collected dietary intake from the primary caregivers because, 
given that the children were 3-5 years old, the investigators reasoned that assessing their 
dietary intake would be difficult.  Moreover, the children were attending Head Start 
programs for half of the school day.  They were eating one meal on each weekday away 
from home.  Their home caregivers would not necessarily know what they ate while at 
Head Start, and the Head Start staff would not necessarily be able to describe what each 
individual child ate.  Based on the correlations described in the literature between 
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parents’ and children’s diets, and given the budgetary constraints of the study, the 
investigators decided to collect data on the caregivers’ dietary intake only. 
Definition of Terms 
Federal Poverty Level (FPL): A measure of income issued every year by the 
Department of Health and Human Services (HHS).  Federal poverty levels are used to 
determine eligibility for certain programs and benefits, including savings on Marketplace 
health insurance, and Medicaid and CHIP coverage (HealthCare.gov, 2017). 
Obesity: In children and adolescents, obesity is defined as being at or above the 
95th percentile of the age and sex-specific body mass index (BMI), based on growth 
charts developed by the Centers for Disease Control and Prevention (Dabrowska, 2014). 
Overweight: overweight is defined as being between the 85th and 94th percentiles, 






Chapter II – REVIEW OF THE LITERATURE 
Introduction 
The purpose of this chapter is to provide an overview of the concept of diet 
quality and to describe the literature examining diet quality of mothers, especially 
Hispanic mothers; factors that affect diet quality; measurement of body size; diet quality 
as a determinant of body size; and relationships between maternal diet quality and child 
body size, with special attention to Hispanic populations of low socioeconomic status. 
The high prevalence of obesity among children in the United States is a major 
public health concern.  Obesity in childhood is predictive of coronary heart disease, 
hypertension and metabolic syndrome in adulthood (Freedman, Khan, Dietz, Srinivasan, 
& Berenson, 2001; Sun et al., 2008; Whitaker, Wright, Pepe, Seidel, & Dietz, 1997). 
Worse, cardiovascular risk factors have been found in overweight children as young as 5 
years (Young-Hyman, Schlundt, Herman, De Luca, & Counts, 2001).  Children of 
Hispanic descent and those from low-income households are disproportionately affected. 
Interventions are needed to prevent childhood obesity (Ball et al., 2013), but they 
need not target children directly (Golan, Fainaru, & Weizman, 1998).  The determinants 
of childhood obesity include genetic factors, pre- and perinatal factors, health status, and 
various aspects of the environment. However, the most immediate determinant of obesity 
is assumed to be energy balance.  Parents, especially mothers, wield significant influence 
  
26 
over the dietary behavior of young children (Birch & Ventura, 2009; Christoffel, Wang, 
& Binns, 2012; Miller et al., 2011; Vollmer & Mobley, 2013). Mothers, through their 
food choices and modeling behaviors, may intentionally or inadvertently influence 
children’s diets and thereby children’s body size. 
Research on the relationship between maternal dietary intake and offspring’s body 
size and composition has largely focused on biological mechanisms, through pregnancy 
programming.  Much less attention has been paid to maternal dietary intake after 
pregnancy, when social and environmental mechanisms predominate.  Diet quality has 
emerged as a forerunner among matrices of linkages between diet and disease, including 
obesity.  Maternal diet quality has been extensively studied and been shown to be 
associated with children’s diet quality (Bogl et al., 2017; Fisk et al., 2011; Hansson et al., 
2016; Hart et al., 2010; Laster et al., 2013).  However, little research has addressed the 
possible association between maternal diet quality and children’s body size. 
Overview of diet quality 
The concept of diet quality has emerged from the need for a tool to measure 
nutrition-health links for surveillance of dietary intake of populations; evaluation of 
nutritional interventions; and risk assessment for disease outcomes (Alkerwi, 2014).  The 
need for such a tool has evolved, in response to rapid increases in food availability, which 
broadened the focus of nutrition research from undernutrition to optimizing health and 
preventing disease, that is, focusing on normal physical and mental growth, and 
preventing overnutrition (Alkerwi, 2014).  Although experts disagree on its definition, the 
term diet quality is often used to describe how well an individual’s diet conforms to 
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dietary recommendations.  A good diet nurtures us—it provides the necessary ingredients 
for growth and health.  A poor diet on the other hand, may lead to stunted development, 
degenerative conditions, and overall ill health.  As Alkerwi states: 
   A healthy, balanced, and nutritious diet means it is adapted to special individual 
needs to reach optimal health, that is, it supplies optimal levels of food and 
nutrients to maintain the body in a healthy state without excess, which may lead 
to increase in body weight or toxicity symptoms from some nutrients.  Likewise, 
it is widely accepted that a high-quality diet should be safe; hygienic; able to 
promote optimal growth, development, and prevention of diseases, and health 
hazards. (p. 614) 
 
Diet quality can be measured in several ways--through the evaluation of nutrients, 
specific foods or food groups, data-driven a posteriori approaches including factor 
analysis and cluster analysis, or guidance-based index scores which are defined a priori 
(Reedy et al., 2014).  Nutrient-based and foods/food group-based metrics are considered 
less robust than other approaches in evaluating the multidimensional nature of the diet. 
Dietary Quality (DQ), for example, is a nutrient-based index that assesses diet quality by 
determining whether 5 or more nutrients fall below ⅔ of the 1989 Recommended Dietary 
Allowance and analyzing the association of that criterion with survival (Wirt & Collins, 
2009).  The Dietary Guidelines Index (DGI) is a food-based index that measures 
compliance with the 5th edition of Dietary Guidelines for Americans (Wirt & Collins, 
2009).  The use of nutrients as a means of evaluation may lead to the reductionist fallacy 
or an oversimplification of causal relationships.  Foods contain many nutrients, as well as 
other bio-active constituents that can work synergistically or in opposition; therefore, 
studying single components may misconstrue the total effect (Ocke, 2013).  Moreover, 
including many single nutrients or foods/food groups in a model may result in 
multicollinearity, limiting the ability to make inferences (Nicklas, Yang, Baranowski, 
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Zakeri, & Berenson, 2003).  Moreover, diets consist of foods, not nutrients or 
constituents, which are consumed in patterns shaped by many factors.  Finally, dietary 
changes affect the entire diet, not just one dietary component (Ocke, 2013).  A posteriori 
and a priori approaches may be more informative about the overall quality of the diet. 
A posteriori or empirically driven approaches draw inference from the underlying 
structure of the data.  Among these approaches are principal component analysis (PCA), 
exploratory factor analysis, and cluster analysis. PCA and factor analysis extract dietary 
variables that define patterns within the data (Ocke, 2013).  For example, a researcher 
might identify 2 factors or components that characterizes diet--one healthy, where 
participants score high on fruits, vegetables and fish; the other unhealthy, where 
participants score high on meats, sweets and cheese.  Cluster analysis on the other hand 
sorts participants into groups by maximizing the associations between participants within 
groups while minimizing associations between groups (statsoft.com).  Cluster analysis 
does not attempt to explain why the clusters exist.  Comparisons across studies that use a 
posteriori methods is difficult because patterns found in one data set may not be evident 
in another. 
A priori approaches are hypothesis-driven, with scores or indices defined by 
researchers, as opposed to being derived from the data (Ocke, 2013).  These indices are 
based on dietary patterns deemed to be healthy or based on pre-existing dietary 
guidelines for general populations or for the prevention of a specific diet-related disease 
(Ocke, 2013).  Because they are based on external criteria, a priori approaches facilitate 
comparisons across studies.  Several indices are in use today, many based on dietary 
guidelines for the US population.  Among these are the alternate Mediterranean Diet 
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(aMED), the Dietary Approaches to Stop Hypertension (DASH) score, and the Healthy 
Eating Index (HEI), described below.   
Overview of the Healthy Eating Index (HEI)  
 To aid in assessing how well Americans are meeting dietary guidelines, the 
USDA developed the Healthy Eating Index (HEI), which measures quality, independent 
of quantity, in terms of how well diets meet federal dietary recommendations (Guenther 
et al., 2013; USDA, 2013).  Originally developed in 1995, the HEI was revised in 2005 
and twice more since then. The HEI-2015, the latest revision, reflects the 2015-2020 
Dietary Guidelines for Americans (DGA), which are issued every five years and are the 
basis of federal nutrition policy (Guenther et al., 2013).  The federal government uses the 
USDA Food Patterns to translate key recommendations of the DGA into specific, 
quantified recommendations for types and amounts of foods to consume at 12 calorie 
levels (Guenther et al., 2013) and to set the scoring standards for the HEI. These scoring 
standards are density-based (amount of component consumed per 1,000 kcal), which 
allows the relative mix of foods to be evaluated.  The HEI facilitates assessments of diet 
and disease relationships. 
The HEI-2015 assesses diet quality from two perspectives: adequacy (dietary 
components to increase) and moderation (dietary components to decrease) (Krebs-Smith 
et al., 2018).  As Table 3.1 shows, the index has 13 components, nine of which address 
diet adequacy.  They include: 1) total fruit; 2) whole fruit; 3) total vegetables; 4) greens 
and beans; 5) whole grains; 6) dairy; 7) total protein foods; 8) seafood and plant proteins; 
and 9) fatty acids.  The other four components address moderation and include: 1) refined 
grains; 2) sodium; 3) added sugars, and 4) saturated fats (Krebs-Smith et al., 2018). 
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Each of the 13 components is scored with a range from 0-5 or 0-10.  For adequacy 
components, a score of zero indicates no intake, and higher scores indicate 
proportionately greater intake, up to the standard.  Therefore, for the adequacy 
components, higher scores reflect greater intakes (USDA, 2013).  For moderation 
components on the other hand, reverse scoring is used; intakes at the standard level earn 
the maximum score, and scores decrease as intake increases because lower intakes are 
more desirable (USDA, 2013).  For all components, a higher score indicates a higher 
quality diet (USDA, 2013).  The component scores can be examined collectively to 
elucidate patterns of diet quality, and radar graphs can illustrate such patterns (Krebs-
Smith et al., 2018).  
The total score is the sum of the component scores; it can range from 0 to 100 
(Krebs-Smith et al., 2018).     
Factors that influence diet quality: Who meets these recommendations? 
Several factors have been identified that contribute to variations in dietary intake. 
Chief among them are income/SES, race/ethnicity, gender, age, marital status, and 
immigration status/acculturation (Darmon & Drewnowski, 2008; Duren et al., 2008; 
Hoerr, Tsuei, Liu, Franklin, & Nicklas, 2008; Lee, O’Neill, Ihara, & Chae, 2013; Molitor, 
Sugerman, & Sciortino, 2016; O’Neil, Nicklas, Liu, & Franklin, 2009; Park et al., 2011; 
Safiri, Sani, Ayubi, & Khazei, 2017; Spees, Clark, Hooker, Watowicz, & Taylor, 2017).  
Data from the Multiethnic Cohort (MEC) (described below under studies 
investigating associations between diet quality and health outcomes) show that people 
scoring in quintile 5 on 4 DQ indices had lower BMI, were more physically active; and 
smoked less than those in quintile 1 (Harmon et al., 2015).  More Caucasians and African 
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Americans were in quintile 5 than in quintile 1and more Hispanic men and women were 
in quintile 1 than in quintile 5. However, more people in quintile 5 than in quintile 1 had 
a history of diabetes.  In the AARP cohort (described below under studies investigating 
associations between diet quality and health outcomes), people in quintile 5 were older, 
had a lower BMI, were more physically active, and were more likely to be college 
educated, married, or never smokers than people in quintile 1 were.     
  Hoerr et al., 2008, conducted a cross-sectional analysis of nutrient and food 
intakes of mothers with children in Head Start programs from Texas and Alabama using 
secondary data from a study to evaluate facilitators and barriers to fruit and vegetable 
intake in preschool children from three racial/ethnic groups.  Of 603 mothers, 33% were 
Hispanic Americans from Texas; 19% African Americans from Texas; 24% African 
Americans from Alabama; and 24% Whites from Alabama.  The researchers averaged 
intake from 24-hour dietary recalls from 3 nonconsecutive days to calculate the 
percentage meeting the Estimated Average Requirement, the Dietary Guidelines for fat 
and added sugar, and the mean adequacy ratio for eight nutrients.  O’Neil and colleagues 
studied the association of dairy and sweetened beverage consumption with diet and 
weight in the same sample of Head Start mothers (O’Neil et al., 2009). 
Using data from the EOA parent study, Park and colleagues investigated 
neighborhood immigrant acculturation and diet among 345 Hispanic Head Start mothers 
in New York City (Park et al., 2011).  Used PCA in dietary data obtained by FFQ, the 
researchers identified two dietary patterns, one healthy and one energy-dense.  Adherence 
to the healthy diet was positively associated with neighborhood linguistic isolation and 
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negatively associated with neighborhood poverty.  Individual acculturation did not play a 
role. 
Ling and colleagues investigated associations between the dietary intake of Head 
Start caregivers and that of their children in 70 dyads recruited from two Head Start 
centers in the Midwestern United States (Ling et al., 2018).  Of the children, 63% were 
female, 16% Hispanic, 41% Black, and 47% White. Sixty-seven percent of caregivers, 
but only 9% of preschoolers, met fruit/vegetable (F/V) recommendations, but several 
caregiver factors were associated with children’s F/V intake, although the sample size 
was small and the findings based on a food frequency questionnaire.  
Methods of collecting dietary intake data in adults 
 Dietary intake in free living individuals is rarely directly observed because of 
logistical difficulties and costs.  Researchers rely on self-report instruments to collect 
dietary intake data.  Validated self-report methods in adults include 24-hour dietary 
recalls, food frequency questionnaires (FFQ), food records or food diaries and remote 
food photography methods (RFPM).  Of these, only two (24-hour recall and FFQ have 
been used to calculate HEI total and component scores.  A brief overview of these two 
methods follows.  
24-hour Dietary Recall   
 A 24-hour recall is an in-depth interview designed to capture detailed information 
about all foods and beverages (and sometimes, dietary supplements) consumed by the 
respondent in the past 24 hours (NIH & NCI, n.d.). Typically, trained interviewers 
administer the 24-hour recalls, but automated self-administered tools, such as the 
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National Cancer Institute’s Automated Self-Administered 24-Hour Dietary Assessment 
Tool (ASA24), are also available.  The 24-hour recall probes for time of day foods were 
consumed, sources of food, and portion sizes of foods and beverages.  Interviewers may 
use food models, pictures, or other visual aids to help respondents determine portion size.  
A 24-hour recall interview usually takes 20 to 60 minutes.  To obtain a comprehensive 
and detailed report of all foods and beverages consumed, interviewers often use a 5-step 
multiple-pass method, as follows: 
Step 1:  Quick List: respondent provides an uninterrupted listing of all foods and 
beverages consumed in the past 24 hours 
Step 2:  Forgotten Foods List: respondent answers a series of 9 food category 
questions for additional foods 
Step 3:  Time and Occasion: respondent answers questions about times when they 
consumed foods and eating occasions 
Step 4:  Detail Cycle: respondent provides descriptions and amounts of each food 
eaten. Reviews each occasion and times between occasions 
Step 5:  Final Review Probe 
 Strengths.  From the perspective of rigor, the 24-hour recall is based on actual 
intake.  As such, it can be used to estimate absolute rather than relative intake of energy 
and other food components.  24-hour recall is less likely to alter eating behavior than 
food records, since the behavior occurs before the record.  A recall can be conducted by 
telephone, thereby allowing for the element of surprise, and it is completely open-ended, 
thereby allowing a high level of specificity and enabling respondents from culturally  
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diverse populations to identify culture-specific foods and dietary patterns. 
Standardization of the method is also a strength. 
 The 24-hour recall also is a flexible tool for data analysis, allowing analyses to be 
based on nutrients, foods, or food groups.  It can be used to estimate nutrient intakes of 
groups, and multiple recalls can be used to estimate in detail individual intakes. 
Administration time is relatively quick, about 20-30 minutes per recall.  And the ASA24 
allows for self-administration, which is inexpensive for researchers and convenient for 
responders. 
 Strengths of the multiple pass technique include its ability to capture details that 
responders forget on a single pass, thereby reducing under-reporting.  It also enables the 
interviewer to establish a rapport with subject.  Questions that are not leading and are 
non-judgmental place minimal burden on responders. 
 Limitations.  However, 24-hour recall relies on short-term memory.  It may lead 
to flat-slope syndrome, reinforcing the tendency of respondents to overestimate when 
actual intake is low and to underestimate when actual intake is high.  It allows 
respondents to fail to report some items they consumed.  It also allows respondents to 
report “phantom foods,” items that they never actually consumed.  Omissions can lead to 
low estimates of energy intake; they often involve items such as dressings, sauces, and 
beverages.  In studies with large sample sizes, interviewer-administered 24-hour recalls 
can be costly and impractical.  In addition, a single 24-hour recall is unlikely to represent 
usual individual intake because of day-to-day variability within individuals.  Two or 
more non-consecutive recalls are required to estimate usual intake.  Multiple recalls are 
recommended when examining relationships with other variables. 
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 Possible applications.  The 24-hour recall is the most common method used in 
the United States for large sample dietary surveys, such as the National Health and 
Nutrition Examination Survey (NHANES).  Recalls are also used in nutrition-related 
clinical trials to determine effectiveness of a dietary intervention.  They can be collected 
at multiple points during a study and are often used to validate other methods. 
Food Frequency Questionnaire (FFQ)  
 An FFQ consists of a predefined list of foods and beverages, along with probes 
about frequency of consumption and portion sizes over a specific time period, usually the 
past month or year  (NIH & NCI, n.d.). FFQs are designed to capture usual intake; 
therefore they must ask about a wide range of foods.  The list typically ranges from 80 to 
120 foods and beverages; supplement intake is frequently captured as well.  Some FFQs 
do not ask about portion size; these are referred to as food propensity questionnaires.  
However, many FFQs ask about both portion size and frequency of consumption, for 
example, how frequently (monthly, weekly, daily) did you consume (your usual portion 
size of) ¼ cup of peas.  Answering such questions can be cognitively difficult for 
respondents; therefore portion size images are often used to improve reporting accuracy.  
FFQs are frequently self-administered. However, interviewer-administration may be 
beneficial in low literacy populations.  The average FFQ can be completed in 30 to 60 
minutes. 
 Strengths.  A key strength of the FFQ is its intent to capture usual intake over 
time.  It can capture intake of foods that are consumed episodically.  Additionally, the 
FFQ does not affect eating behavior because it captures dietary data retrospectively. 
FFQs are also relatively inexpensive for investigators.  
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 Limitations.  The FFQ may not be accurate; it is based on an individual’s 
perception of usual intake over a defined period of time.  However, it can be used to 
obtain a relative ranking of food and nutrient intake (e.g., high vs. moderate vs. low 
dietary cholesterol intake) and as a basis for computation of correlations or relative risks 
of disease outcomes.  Finally, FFQs do not capture details about food preparation 
methods or specific foods consumed, and it asks only about foods on a previously 
prepared list, which may not be representative of foods eaten by a given population. 
 Possible applications.  FFQs, because of their low cost can be used in large 
prospective cohort studies.  They can also capture dietary intake in retrospective case-
control studies.  And they may be used to evaluate the effectiveness of dietary 
interventions. 
Diet Quality as target of dietary interventions 
Several determinants of obesity have been identified, including genetic factors, 
pre- and perinatal factors, health status, and various aspects of the environment. 
However, the most proximal determinant of obesity is presumed to be the balance 
between energy intake and expenditure (Gortmaker et al., 2011).  Energy balance is 
determined by various energy balance-related behaviors (EBRBs).  EBRBs include 
dietary behaviors, physical activity, sedentary behaviors and sleep duration.  Of chief 
interest among dietary behaviors, “Higher energy intake is often related to poorer diet 
quality, which in turn is related to obesity” (de Hoog et al., 2014).  Increased fruit and 
vegetable consumption is hypothesized to lower overall dietary energy intake and thus 
decrease risk for obesity among children.  The mechanism for this effect is via the energy 
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density pathway (Ledoux et al., 2011).  Fruits and vegetables are low energy-density 
foods due to a high fiber and water content, making absolute calories per gram of food 
low.  Lower energy density foods are associated with a greater sense of satiety and 
reduced daily consumption of energy (Rolls, 2009).  A systematic review by Perez-
Escamilla and colleagues concluded that a diet that is relatively low in energy density 
improves weight loss and weight maintenance among both children and adults (Perez-
Escamilla et al., 2012). 
Associations between diet quality and health outcomes 
 Diet quality has been linked with health and longevity (Harmon et al., 2015).  
Several studies have shown inverse relationships between diet quality and all-cause 
mortality (Harmon et al., 2015; Liese et al., 2015; Reedy et al., 2014; Yu et al., 2015), 
cardiovascular disease (CVD) mortality (Harmon et al., 2015; Liese et al., 2015), and 
cancer mortality (Harmon et al., 2015; Liese et al., 2015); between diet quality and 
disease outcomes such as colorectal cancer (Miller et al., 2013; Reedy et al., 2014), 
cardiovascular disease (Reedy et al., 2014; Yu et al., 2015) and hip fractures (Haring et 
al., 2016).  However, Chandran and colleagues found no protective effect of healthy diet 
against ovarian cancer (Chandran et al., 2011). 
A series of studies conducted by the Dietary Patterns Methods Project (DPMP) 
evaluated associations between diet quality indexes and health outcomes.  The DPMP 
was started by the NCI with the aim of establishing a common methodology for the 
application of dietary indexes in order to clarify the relationship between diet quality and 
mortality (Harmon et al, 2015).  Three large cohorts were used to assess the performance 
of 4 diet quality indexes and the association between diet quality and mortality.  The 
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cohorts include the NIH-AARP Diet and Health Study (AARP) (424,662 participants 
across 6 states and 2 metropolitan areas; 92.2% non-Hispanic White; 4.1% non-Hispanic 
Black), the Women’s Health Initiative Observational Study (WHI-OS) (63,805 women 
across the US; 84% non-Hispanic White; 7% Black; 4% Hispanic), and the Multiethnic 
Cohort (MEC) (156,804 participants in California and Hawaii; 24.2% White, 16% Black, 
23.2% Mexican or other Hispanic, 29.4% Japanese, 7.2% Hawaiian).  Diet quality was 
captured by FFQs in each cohort and the data were used to calculate scores on 4 diet 
quality indexes: HEI-2010, the Alternative HEI-2010 (AHEI-2010), the alternate 
Mediterranean diet score (aMED), and the Dietary Approaches to Stop Hypertension 
(DASH).  The project has produced papers analyzing associations of diet with all-cause, 
CVD, and cancer mortality, summarized below.  
Harmon and colleagues assessed the ability of the 4 indexes to predict the 
reduction in risk of mortality from all causes, cardiovascular disease (CVD) and cancer 
within the MEC (Harmon et al, 2015).  Participants completed a 182-item quantitative 
FFQ (MEC QFFQ) which queried intake over the past 12 months.  The MEC QFFQ 
included ethnic-specific foods and utilized a food composition table which was specific 
to the MEC.  Dietary intake from the MEC QFFQ was used to calculate scores for the 
four indexes.  The analytic sample for the analyses included 70,170 men and 86,634 
women (156,804 total).  Covariates included age and energy intake as continuous 
variables, history of diabetes, ethnicity, MVPA, smoking, education as a proxy for SES, 
marital status, and hormone-replacement therapy (women only).  BMI was calculated 
using self-reported height and weight and were categorized as <24, 25-29.9, or ≥30. 
Results from this study show that all 4 indexes were correlated, suggesting a good level 
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of agreement among them.  The highest correlations were found between HEI-2010 and 
DASH (0.72 in men and 0.70 in women; p<0.0001) and the HEI-2010 and AHEI-2010 in 
men (0.070; p<0.0001).  The lowest correlations were found between the HEI-2010 and 
aMED in both men and women (0.58 and 0.53 respectively; p<0.0001).  None of the 
correlations was perfect; each index apparently measured unique aspects of diet quality. 
Higher scores on all 4 indexes were inversely associated with risk of all-cause mortality 
(p-trend<0.0001) and mortality from CVD (p-trend<0.0001) in both men and women. 
Stratifying by gender and ethnicity revealed a protective (but not statistically significant) 
association with all-cause mortality in all groups except in Native Hawaiians.  Results 
were mixed for CVD and cancer mortality.  Reductions in CVD mortality were seen 
more frequently in white men across the indexes.  Inverse associations with cancer 
mortality were observed more frequently in African American men than in other groups. 
Overall, adherence to dietary recommendations was protective.  Among individuals 
whose diets scored the highest on any one of the indexes, men had 17-26% lower risk 
from all cause, CVD, or cancer, and women had an 11-24% reduction in risk.  The study 
had a strong methodological approach, although it used self-reported weight and height to 
calculate BMI. 
Reedy and colleagues assessed relationships between the 4 indices and all-cause, 
CVD, and cancer mortality in the AARP cohort.  Participants completed a 124-item 
quantitative FFQ (AARP-FFQ) which queried intake over the past 12 months.  The 
AARP-FFQ utilized the USDA Survey Nutrient Database associated with the Continuing 
Survey for Food Intake by Individuals for some nutrient estimates.  Dietary intake from 
the AARP-FFQ was used to calculate scores for the four indexes.  Participants were 
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ranked into quintiles by quality score (quintile 5 reflecting the most optimal diet quality 
and quintile 1 reflecting poorest diet quality).  Covariates included age (y), ethnicity 
(white, black, other), education (less than high school, high school, some college, college 
graduate), BMI (18.5 to <25, 25 to <30, 30 to <35, 35 to <40, ≥40 kg/m2 ), smoking 
(never smoker, former smoker of ≤1 pack/d, former smoker of >1 pack/d, current smoker 
of ≤1 pack/d, current smoker of >1 pack/d), vigorous physical activity (≥20 daily minutes 
reported rarely or never, 1–3 times/mo, 1–2 times/wk, 3–4 times/wk, ≥5 times/wk), 
energy intake (kcal), marital status (married, widowed, divorced, separated, never 
married), and diabetes.  Results from this study show that men and women in quintile 5 
compared to quintile 1 had a 12-28% decreased risk of all-cause, CVD, and cancer 
mortality across all 4 diet quality indices. 
Liese and colleagues used 4 diet quality indexes (HEI-2010, AHEI-2010, aMED, 
and DASH) to evaluate the diets of participants in 3 cohorts, (AARP, MEC, and WHI-
OS) described above (Liese et al, 2015).  The aim of this study was to assess correlations 
between pairs of indices across cohorts, to evaluate concordance between classifications 
into index score quintiles, and to assess associations with all-cause mortality, CVD and 
cancer mortality.  The study found consistent concordances between the diet quality 
indexes, indicating that they were measuring the same construct. The study also found 
consistent inverse relationships between all 4 diet quality indexes and mortality from all 
causes, CVD, and cancer across all cohorts except in the WHI-OS study where 
associations with cancer were not significant.  Higher diet quality was associated with an 
18-26% lower risk of all-cause mortality, a 19-28% lower risk of CVD mortality, and an 
11-23% lower risk of cancer mortality in women.  Higher diet quality was associated 
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with 17-25% lower risk of all-cause mortality, a 14-26% lower risk of CVD mortality, 
and a 19-24% lower risk of cancer mortality in men. 
In a slightly different design, Miller and colleagues used data from the AARP 
cohort (described above) but used 4 established versions of the DASH diet index to 
examine associations of diet quality and colorectal cancer (Millet et al, 2013).  The 4 
indices were as follows:  
● Dixon’s DASH diet index, which has 8 food group components and 1 nutrient 
component, each contributing 1 point to the score;   
● Mellen’s DASH diet index, which is nutrient-based and targets 9 nutrients  
intake of which is expected to be higher (i.e., protein, fiber, magnesium, 
calcium, and potassium) or lower (i.e., total fat, saturated fat, sodium, and 
cholesterol) with greater adherence to the DASH diet. One point is awarded 
for meeting dietary targets. 
● Fung’s DASH diet index, which has 8 components (7 food groups and one 
nutrient) on the basis of foods and nutrients emphasized or minimized in the 
DASH diet according to the eating guide developed by the National Heart, 
Lung and Blood Institute. The scoring system is based on quintile rankings. 
● Gunther’s DASH diet index has 10 components that assess adherence to the 
DASH Eating Plan in the 2005 Dietary Guidelines for Americans. Six 
components are scored on a 10-point scale [fruit (includes fruit juice); 
vegetables (includes potatoes); meat, poultry, fish, and eggs; nuts, seeds, and 
legumes; fats and oils; and sweets]; and 4 components are scored on a 5-point 
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scale (total grains, high-fiber grains, total dairy products, and low-fat dairy 
products). 
This study found that men scoring the highest on all 4 indices and women scoring 
the highest on 3 of the indices had reduced risk of colorectal cancer compared to those 
scoring low.  No association was found in women using Dixon’s DASH scores. The 4 
DASH indexes were highly correlated.  Correlations ranged from 0.42 to 0.75 in men and 
from 0.37 to 0.71 in women (P<0.0001 for all). Fung’s and Gunther’s indexes showed the 
strongest correlations (r = 0.75 for men and r = 0.71 for women), while Dixon’s and 
Mellen’s DASH indexes were the least correlated (r = 0.42 for men and r = 0.37 for 
women).  These findings illustrate how operationalization of the construct of diet quality 
affects the ability to predict health outcomes.  
Chandran and colleagues evaluated associations between the HEI-2005 and 
ovarian cancer in a case-control design (Chandran et al, 2011).  The study included 205 
cases and 390 controls, collected dietary data using the Block FFQ, and obtained data on 
other potential risk factors for ovarian cancer.  For the analysis, the study ranked 
participants into tertiles based on their HEI-2005 scores, but it found no association (OR= 
0.90 (95% CI: 0.55-1.47).  Limitations of the study noted by the researcher included: the 
case-control design, which is subject to recall bias, especially given that ovarian cancer 
patients tend to be very sick when diagnosed and may have limited ability to recall their 
diet; the low response rate (51%); and a difference in timing of recruitment of cases and 
controls, allowing changes in dietary trends over time to affect point estimates.  However, 
the failure of the researchers to find a difference in HEI-2005 scores between cases and 
control over time limited the likelihood of that bias.  
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Summary: These studies provide strong evidence that better diet quality is 
associated with reduced health risks, including risks among women.  The data support the 
premise underlying the MDQ study, that by improving their diets, mothers may improve 
their health.  These studies also show the usefulness of diet quality indices for describing 
diet quality. 
Associations between mother’s diet quality and child’s diet quality (MDQ as a 
predictor of CDQ) 
 Several studies have demonstrated associations between parental dietary intake 
and child’s dietary intake (Ashman et al., 2016; Fisk et al., 2011; Hansson et al., 2016; 
Hart et al., 2010; Laster et al., 2013; Miller et al., 2011; Oliveria et al., 1992; Papas et al., 
2009; Patrick & Nicklas, 2005; Pearson et al., 2009; Robson et al., 2016; Russell et al., 
2016; Spence, Campbell, Crawford, McNaughton, & Hesketh, 2014; van der Horst et al., 
2007; Vaughn et al., 2018; Zuercher et al., 2011).  These studies investigate whether 
familial (genetics, shared home environment related to diet) or non-familial factors play a 
larger role in shaping children’s diet.  Together, they provide further evidence for an 
important mother-child relationship in dietary intake. 
Oliveria et al. (1992) investigated parent and child nutrient intake in an all-white 
middle-class sample from the Framingham Children’s Study.  Families were asked to 
complete four sets of 3-day food diaries at 3-month intervals for the child and for each 
parent in an attempt to capture seasonal variations.  Mothers served as proxies for their 
children. Data from those who completed only 1 set of diaries were excluded.  The 
analytic sample included food diaries for an average of 9 days per subject on 87 mothers, 
83 fathers, and 91 children.  Mean intake of macro- and micronutrients related to 
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cardiovascular health (protein, carbohydrates, total fat, saturated fatty acid, mono- and 
polyunsaturated fatty acid, cholesterol, sodium, potassium and calcium) were calculated 
for mother, father, child, and separately for sons and daughters.  Simple Pearson 
correlation coefficients were applied to the nutrient intake of parent and child.  Each 
nutrient was adjusted for total energy intake by the Willett method, and partial correlation 
coefficients were computed to compare children’s intake of each nutrient with that of 
their mothers and fathers.  Parents’ and children’s intakes were found to be correlated  (r 
< 0.50) for most nutrients.  Correlations were stronger between mothers and children than 
between fathers and children and between mothers and daughters for every nutrient 
except monounsaturated fatty acid, which was equal (statistical significance not 
assessed).  The researchers discussed the possibility that the higher correlation between 
mothers and children stemmed from reporting bias due to mothers completing food 
diaries for the children.  However, parent-child correlations were higher for parents who 
ate more meals at home, and more similar for mothers and fathers who ate more often at 
home, suggesting that reporting bias was probably not the sole explanation for the 
mother-father differences.  However, although this study assessed intakes of macro 
nutrients and a few micronutrients, it did not study comprehensive diet quality (i.e., 
conformity to recommendations).  For example, sugar consumption, which has been 
associated with obesity onset, was not evaluated independently from carbohydrates.  
Also, diet diversity or variety, a key concept in diet quality not was assessed. 
Papas et al. (2009) examined maternal and toddler diets among 109 low-income, 
African American adolescent mothers and toddlers at 13 months using the Youth 
Adolescent Food Frequency Questionnaire (YAQ) for mothers and a 73-item feeding 
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checklist for toddlers, and collected anthropometric data at 13 and 24 months.  Weight-
for-length percentile and z-scores were the outcome measures for the child. BMIz was 
used to classify mothers, presumably because they were adolescents.  Paired sample 
correlations were computed to assess associations between maternal and toddler dietary 
variety at 13 months, and multiple logistic regression analyses were conducted to 
estimate associations between maternal and toddler diet and toddler weight at 24 months. 
Mothers in this study reported diets that deviated from the recommended number of 
calories and daily servings within each food group, but maternal and toddler fruit, 
vegetable, snack, meat, dairy, and soda variety were significantly correlated.  
Using an interviewer-administered FFQ, Fisk et al (2011) evaluated the influences 
of maternal food choices and other maternal and family factors on the quality of young 
children’s diets in a cohort of 1,640 children at age 3 years.  To describe diet quality, they 
used principal components analysis, identifying various patterns of foods eaten.  The 
‘prudent’ diet pattern, consistent with healthy eating recommendations, was characterized 
by high intakes of fruit, vegetables and wholemeal bread, and low intakes of white bread, 
confectionery, chips and roast potatoes.  The key influence on the quality of the 
children’s diets was the quality of their mother’s diets; it alone accounted for almost a 
third of the variance in child’s dietary quality.  Mothers who had diets that followed 
dietary recommendations, were more likely to have children with comparable diets.  This 
relationship remained strong even after adjustment for all other factors, including 
maternal educational attainment, BMI, smoking, the child’s birth order and time spent 
watching television.  The data suggested that interventions to improve the quality of 
young women’s diets could be effective in improving their children’s diets. 
  
46 
         Zuercher (2011) investigated the associations of adults’ dietary intake with 
children’s food consumption, diet quality (meeting intake recommendations), and meal 
sizes.  Using 24-hour recall data from 2,380 children and heads of household from the 
Continuing Survey of Food Intake by Individuals (CSFII) 1994-1996, the investigators 
found that children living in the same household as female and male adults whose diets 
were similar to intake recommendations had were twice as likely as other children to 
consume diets that were similar to the recommendations; for many meals, children living 
with adults whose intake was in the highest quintile for food group density had intakes 
that were also in the highest quintile. 
Ashman et al (2014) (Australian) investigated whether maternal diet during 
pregnancy and after birth can predict toddler diet quality or variety of fruit and vegetable 
intake.  The study used data from the Women and Their Children’s Health (WATCH) 
study, an Australian pregnancy cohort study.  Dietary intake data were collected from 
mothers during early pregnancy (19 weeks gestation), late pregnancy (36 weeks 
gestation), 2 years postpartum, and 3 years postpartum.  Dietary intake was collected on 
their children at ages 2 and 3.  Mothers reported dietary intake for themselves and their 
child using validated FFQs; the Australian Recommended Food Score (ARFS) and 
Australian Child and Adolescent Recommended Food Score (ACARFS) were used to 
measure diet quality and variety.  Participants were included in the analyses if the mother 
had dietary data for at least 1 pregnancy time point and1 postnatal time point, and the 
child had dietary data for at least 1 time point. Of 180 mother-child dyads, 52 (29%) met 
those criteria.  Maternal data were combined to generate a single score for diet quality 
based on the four measurements.  
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Miller, Moore and Kral (2011) evaluated associations between children’s and 
their mothers’ fruit and vegetable (F&V) intake and children’s F&V intake and weight. 
Thirty-nine mothers residing in Philadelphia, PA completed a subsection of the Diet 
History Questionnaire assessing F&V intake for themselves and their 5- or 6-year old 
children. A positive mother-child correlation (r=0.85; p<0.001) was found for F&V 
intake. 
Associations between diet quality and adiposity (DQ as a predictor of adiposity) 
 Relationships in adults.  Several studies have assessed the relationship between 
diet quality and body composition in adults (Drenowatz, Shook, Hand, Hebert, & Blair, 
2014; Gazzaniga & Burns, 1993; Newby et al., 2003, 2004, 2006; Yoshida et al., 2017). 
  Summary: all studies found inverse relationships between diet quality and either 
BMI or waist circumference. Most studies showed the same relationships in both men 
and women.  In one study, protein intake was positively associated with waist 
circumference (Yoshida et al., 2017) . 
 Relationships in adolescents.  Only one study assessed the relationship between 
diet quality and body composition in adults (Bacopoulou, Landis, Rentoumis, Tsitsika, & 
Efthymiou, 2017).  
  Bacopoulou and colleagues assessed the effects of a school-based educational 
intervention on nutritional habits and measures of general and abdominal obesity and 
blood pressure among 1,610 Greek adolescents (aged 12-17 years), who self-reported 
their dietary intake using a 16-item questionnaire.  Diet quality was measured by the 
Mediterranean Diet Quality Index in children and adolescents (KIDMED), an index that 
measures the combined adherence to the Mediterranean Diet in adults and general dietary 
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guidelines for children.  Possible scores range from -4 to 12. Scores ≥8 demonstrates 
optimal adherence, scores ranging from 4-7 signal a need for improvement, and scores ≤3 
demonstrate very low adherence. General obesity was measured by BMI; abdominal 
obesity was measured by waist circumference (WC) and waist-to-height-ratio (WHtR). 
The percentage of obese (-3.5%) and overweight (-9.8%) participants decreased 
significantly following the intervention (p=0.033).  WC (p<0.001) and WHtR (p<0.001) 
also decreased following the intervention.  Increased adherence to KIDMED was 
correlated with decreased WC. Mean WC decreased (from 71.1 ± 9.2 cm to 70.6 ± 9.0 
cm) as KIDMED score increased (p=0.020).  The following sociodemographic 
characteristics affected KIDMED score: gender (boys’ but not girls’ KIDMED scores 
improved at post-intervention); higher parental education (father or mother); and living 
with both parents.  However, the participants in this study were significantly older than 
those in the MDQ study and represent a different racial/ethnic distribution.  Limitations 
of the study include a short follow-up period of 6 months.  It is unclear whether the 
decreases in WC and WHtR were sustained. 
 Relationships in children.  Several studies have investigated the association 
between diet quality and body size in children (Gazzaniga & Burns, 1993; Lioret et al., 
2014; Miller et al., 2011; Nicklas et al., 2003; Pinket et al., 2016). 
Among 48 white children aged 9-11, Gazzaniga and Burns (1993) selected 
participants based on weight status as measured by triceps skinfold (TSF) thickness 
(Gazzaniga & Burns, 1993).  Obese was defined as TSF ≥85th percentile while non-
obese was defined as TSF<85th percentile. Children provided 3 consecutive days of 24-h 
dietary recalls using the Dietary Intervention Study in Children (DISC) Food Record 
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Guidebook.  Nutrition variables included dietary fat, saturated, polyunsaturated and 
monounsaturated fatty acids, carbohydrates and protein.  Children also reported their 
physical activity during the same days as the dietary recall via questionnaire.  Percent 
body fat (%BF) was calculated by regressions using skinfold thickness measurements at 
the triceps and subscapular point, adjusted for gender and age.  Resting energy 
expenditure (REE) was measured by indirect calorimetry using a metabolic cart.  The 
investigators found that percent of body fat (%BF) was positively related to total dietary 
fat (0.55; p<0.0001), saturated (0.41; p<0.01), mono- (0.54; p<0.0001) and 
polyunsaturated fatty acid consumption (0.39; p<0.01), and inversely related to 
carbohydrate consumption (-0.46; p<0.001).  In the non-obese group (N=30), %BF was 
significantly correlated with total dietary fat (0.41; p<0.05), mono- (0.45; p<0.01) and 
polyunsaturated fatty acid consumption (0.37; p<0.05). In the obese group (N+18), %BF 
was not correlated with any nutrient group.  The authors concluded that diet composition, 
independent of total energy intake, REE, and physical activity may contribute to 
childhood obesity.  However, the small sample size of the obese group perhaps explains 
why no association was found in that group.  The study lacked a true measure of diet 
quality; food consumption pattern was measured by macronutrient content, and the 
analysis did not account for the interaction between dietary components.  Other 
limitations include cross-sectional design, lack of generalizability to children of 
races/ethnicities other than white, and the self-report of physical activity.  However, a 
positive feature of the study is the measurement of REE. 
Nicklas and colleagues investigated associations between eating patterns and 
obesity among children participating in the Bogalusa Heart Study (Nicklas et al., 2003). 
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The cross-sectional sample, collected over 21 years, consisted of 1,562 10-year-olds, 
65% European American and 35% African American. Interviewers obtained dietary data 
from the children via 24-hour recall. Eating patterns included food consumption patterns, 
total gram amount of food/beverages consumed per meal, total eating episodes, number 
of meals and snacks consumed, and total gram amount of high- and low-quality foods. 
Positive correlations were found between total grams of food/beverage (1.77; p<0.05) 
consumed and total grams of low-quality foods (1.35; p<0.01) and overweight status. 
Consumption of sweetened beverages (1.33; p<0.001) and meats (1.21; p=0.51) was 
positively correlated with overweight status.  However, the dietary variables explained 
only 1-5% of the variance in overweight status.  Variations in the associations of eating 
patterns and obesity by ethnicity and gender were found.  Again, the amount of variance 
ethnicity and gender groups accounted for only 4-8% of the variance in overweight 
status.  The authors concluded that although numerous eating patterns were associated 
with overweight status, the odds of being overweight were small.  This study was limited 
by its cross-sectional design, which did not permit causal inference, and its use of a single 
24-hour recall to characterize usual eating patterns for individual study participants. 
Miller and colleagues evaluated associations between children’s and their 
mothers’ fruit and vegetable (FV) intake and children’s FV intake and weight status 
(Miller et al., 2011).  Thirty-nine low-income mothers (80% African American, 13% 
European American, 5% multiracial, and 2% other) residing in Philadelphia, PA, 
completed a subsection of the Diet History Questionnaire assessing FV intake for 
themselves and their 5- or 6-year old children.  Underweight children (BMI-for-age <5th 
percentile) were excluded.  Overweight children consumed fewer servings of FVs than 
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normal-weight children (4.0 ± 0.5 vs 7.2 ± 1.1 servings/d; p=0.02). Children who did not 
meet FV recommendations were 7.3 times more likely to be overweight/obese than those 
who met recommendations (p=0.08).  However, the sample size was small, the design 
was cross-sectional, and the study did not evaluate overall diet quality but only FV. 
In one of the few studies employing a longitudinal design, Lioret and colleagues 
(2014) investigated 3-year changes in diet quality and associated changes in BMI z-score 
(BMIz).  The sample included 216 Australian children ages 5-12 years at baseline, from 
low socioeconomic backgrounds.  Mothers completed FFQs on behalf of the children at 
baseline (T1) and approximately 3 years later (T2); a Diet Quality Index (DQI), reflecting 
adherence to Australian Dietary Guidelines, was calculated from these.  Objective 
measures of weight, height and physical activity were collected at T1 and T2.  Mothers 
also reported child’s screen time behavior, a proxy for sedentary behavior, and 
sociodemographic and socioeconomic information.  Associations between change in diet 
quality and change in BMIz were assessed using linear regression adjusted for physical 
activity, screen sedentary behavior, and maternal education level, in the whole sample 
and stratified by overweight status at baseline.  In the whole sample, DQI at T1 and 
change in DQI were not associated with change in BMIz after adjusting for confounders. 
In stratified analyses, an inverse relationship between DQI and BMIz at T2 was found in 
overweight children after controlling for moderate-to-vigorous physical activity (MVPA), 
screen sedentary behavior and maternal education (P=0.035).  Although limited to 
already overweight children, these findings support the hypothesis that change in diet 
quality is associated with changes in body size as measured by BMIz, Strengths of the 
study include its longitudinal design, moderate sample size, measurement of overall diet 
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quality, and inclusion of covariates important to the diet-obesity relationship.  However, 
the study participants were slightly older than those in the MDQ study and were different 
in cultural and racial/ethnic makeup. 
Pinket and colleagues conducted cross-sectional analyses within the ToyBox 
study to evaluate diet quality and its associations with gender, socio-economic status, and 
weight among 7,063 children aged 3.5-5.5 in 6 European countries (Pinket et al., 2016). 
An FFQ was used to collect dietary intake and the DQI total and 4 subscores were 
calculated to capture the multidimensional qualities of eating patterns.  In the total 
sample, girls scored higher on the diet quality subscore than boys. Children of high SES 
backgrounds scored higher than those from low SES backgrounds on total DQI and all 4 
subscores of the DQI. Overweight was not associated with total DQI and diet quality 
subscore.  However, children with overweight scored lower on diet diversity, higher on 
dietary equilibrium in some countries, and worse on the meal index.  Strengths of this 
study include its large sample size and assessment of overall diet quality.  The age group 
studied is roughly comparable to the MDQ population.  However, findings are not 
conclusive, given the study’s cross-sectional design. 
Summary: Four of the five studies found associations between diet quality and 
adiposity.  However, in one study, some of the nutrition variables performed poorly in 
explaining variations in adiposity.  Only one study employed a longitudinal design. 
Others were limited by small sample sizes and lack of diversity in the population.  And 
most of the studies included school-aged children (>5 years).  A major weakness was the 
lack of an overall measure of diet quality. 
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Associations between Maternal Diet Quality and Child body size (MDQ as a 
predictor of child’s adiposity) 
Two studies investigated associations between maternal diet quality and child’s 
body size (Acharya, Feese, Franklin, & Kabagambe, 2011; Papas et al., 2009). 
In a randomized controlled trial designed to promote parenting and adolescent 
development, Papas et al. (2009) mentioned above, examined the relationship between 
maternal and toddler diet variety among 109 low-income, African American adolescent 
mothers and toddlers.  Mothers who were pregnant or lactating at 13 months were 
excluded from the analyses.  Maternal and toddler dietary intake were assessed at 13 
months using the Youth Adolescent Food Frequency Questionnaire (YAQ) for mothers 
and a 73-item feeding checklist for toddlers.  Anthropometric data were collected when 
the child was 13 and 24 months.  Outcome measures for the children were weight-for-
length percentiles and z-scores; for mothers, the measure was BMIz.  Multiple logistic 
regression analyses were conducted to estimate associations between maternal and 
toddler diet and odds of obesity in toddlers at 24 months.  The researchers used kcals per 
day and daily servings of 6 categories (fruit, vegetables, snacks and desserts, meats and 
main dishes, dairy, and non-diet soda) to characterize maternal diet.  Analyses were 
conducted with and without data for mothers with out-of-range values (<500, and >5000 
kilocalories) to rule out reporting errors.  Covariates included maternal age, education, 
BMIz, intervention status, breastfeeding initiation, infant birth weight, gender, and 
weight-for-length z-score at 13 months.  Maternal dietary intake was not associated with 
toddler obesity at 24 months.  The study did not evaluate overall diet quality with regard 
to dietary recommendations, but 5-A-Day for maternal fruit and vegetable consumption, 
  
54 
was not associated with obesity in toddlers (OR=0.76; 95% CI: 0.3, 2.4).  Maternal sugar 
consumption, operationalized as drinking more than 2 sodas a day, was also not 
associated with obesity (OR=1.2; 95% CI: 0.5,2.9). 
In a cross-sectional secondary data analysis, Acharya and colleagues (2011), 
investigated the prevalence of obesity and variables associated with child BMIz and 
caregiver BMI (Acharya et al., 2011).  Caregivers reported on their own intake and that 
of the child on the same day.  Long-term dietary intake was obtained using a Block FFQ, 
while short-term intake was obtained by 3 non-consecutive days of 24-hour recalls.  
These measures were averaged to create a composite view of dietary intake.  The use of 2 
instruments to assess nutrient and food groups in children was novel.  The large sample 
consisted of 720 caregivers and their 3-5 year-old children from Head Start Centers in 
urban and rural Alabama and urban Texas.  The Alabama sample consisted of White and 
Black participants, while the Texas sample consisted of Hispanic participants. A 
caregiver was defined as a person responsible for greater than 50% of the child’s dietary 
intake outside Head Start.  The researchers did not describe the specific national origin of 
the Hispanic participants, but 88% of Hispanics in Texas are of Mexican descent.  The 
distribution of the caregivers in terms of percentages who were mothers, fathers, or 
others, was not adequately described, although a majority were women.  These 
limitations are important because cultural differences among Hispanic groups are 
reflected in differences in dietary composition, and because mothers may differ from 
other caregivers in their influence on children’s diets.  The Acharya study found a 
positive correlation (0.13; p=0.001) between child BMIz and caregiver intake of 
unsweetened beverages, and an inverse but modest correlation (-0.07; p=0.06) with 
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caregiver consumption of fatty meats.  Both of these findings were contrary to 
expectations.  The researchers speculated that the findings were due to reverse causality, 
whereby caregivers adopted foods believed to be better for their own weight or that of 
their children. 
Summary: Results of these investigations are equivocal.  The Papas study found 
no association between maternal diet quality and toddler body size, while Acharya and 
colleagues found associations between unsweetened beverages and fatty meats and child 
BMIz.  The studies had several limitations that are relevant to the MDQ study. First, 
neither included an investigation of overall diet quality.  Second, the samples differed in 
racial/ethnic distribution and age group.  Finally, only one study employed a longitudinal 
design.  The limitations of these few studies preclude definitive conclusions about the 
relationship of maternal diet quality to child’s body size. 
Measures of childhood obesity 
Adiposity, or obesity, is characterized by the accumulation of excess body fat 
which may adversely affect health (Simmonds et al., 2015). 
 Body Mass Index (BMI) is the most commonly cited measure of obesity.  BMI is 
calculated by dividing weight in kilograms by height in meters squared (kg/m2) (CDC, 
2018).  In adults 20 years and older, standardized cut points define overweight and 
obesity: BMI below 18.5 is categorized as underweight, BMI of 18.5-24.9 as normal 
weight; 25.0-29.9 as overweight, and 30.0 or higher as obesity (CDC, 2017).  In children 
and teens, who are still growing, BMI varies by age and sex, making these 
categorizations inappropriate.  Body size is therefore measured by comparison to a 
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reference population consisting of children of the same age and sex.  The US BMI-for 
age and sex reference is derived from nationally representative data from boys and girls 
ages 2–20 years collected between 1963 and 1994 (CDC, 2016a; Must & Anderson, 
2006).  Among children and teens, overweight is defined as a BMI at or above the 85th 
percentile and below the 95th percentile for children and teens of the same age and sex. 
Obesity is defined as a BMI equal to or above the 95th percentile for children and teens of 
the same age and sex.  Normal weight is defined as equal to or above the 5th percentile to 
less than the 85th percentile, while underweight is defined as below the 5th percentile for 
children and teens of the same age and sex (CDC, 2016a). 
BMI is inexpensive, noninvasive and easy to measure.  It has a strong correlation 
with body fat levels when compared to more direct measures (Harvard, 2018; Hu, 2008; 
Must & Anderson, 2006).  Several studies have shown that a high BMI predicts higher 
risk of chronic disease and early death.  However, BMI does not distinguish between fat 
mass and lean mass; as a result, some individuals, such as professional athletes, may be 
misclassified as obese.  On average, women tend to have more body fat than men at the 
same BMI, and Asians have more body fat than whites (Harvard, 2018; Hu, 2008).  BMI 
predicts outcomes such as type 2 diabetes in adults, however, its ability to predict 
outcomes in children and adolescents is questionable (Wells & Fewtrell, 2006; Wilkes et 
al., 2019).  To overcome some of the limitations of BMI, other anthropometric measures 




BMI z-score (BMI-z)  
 Body mass index z-scores, also called BMI standard deviation (s.d.) scores, are 
measures of relative weight adjusted for child age and sex. Given a child’s age, sex, BMI, 
and an appropriate reference standard, a BMI z-score (or its equivalent BMI-for-age 
percentile) can be determined (Must & Anderson, 2006). BMI-z scores and BMI 
percentiles can be converted to each other by a mathematical transformation.  The BMI-z 
score is preferable for statistical analyses, and results can be reported in BMI percentile 
units for interpretability, but BMI percentile should not be the analytic variable.  BMI-z 
scores can be appropriately used to compare between group means and to model relative 
weight trajectories longitudinally.   
Skinfold thickness (triceps and subscapular)  
 Skinfold thickness (SFT) is a direct anthropometric measure of adiposity 
(Simmonds et al., 2015).  Skinfold measurements directly quantify fat layers but are site- 
and sex-specific.  The sites most commonly used to evaluate adiposity are the 
subscapular area (just below the bottom of the wing) and the triceps (the inner part of the 
upper arm); other potential sites include the chest, axilla, abdomen, suprailiac, and 
thigh.  Measurements can be adjusted for age and sex or converted into standard 
deviation scores for longitudinal studies.  However, SFT are generally thought to be best 
used as raw values (Wells & Fewtrell, 2006).  Many equations are available with which 
to obtain an estimate of percentage subcutaneous fat from SFT measurements, but they 
may introduce biases and may not been standardized for children under the age of 6 
years.  Among adults, women with 30% or higher, and men with 25% or higher, body fat 
are classified as obese.  A limitation of SFT is that it measures subcutaneous fat but not 
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visceral fat (fat in the abdominal cavity).  Measurement of SFT is notoriously error-prone 
and variable across practitioners; successful use requires specific training. 
Waist-to-height ratio (WHtR)  
 A proxy measure of central obesity, WHtR is calculated by dividing waist 
circumference by height (in centimeters).  Yoo and colleagues conducted a systematic 
review of the performance of WHtR (Yoo, 2016). They found that WHtR is reliable and 
simple to calculate, more so than BMI.  The simple message to keep WHtR below 0.5 is 
easy to remember.  That cutoff of 0.5, above which is associated with increased 
cardiometabolic risk has been, is suggested for individuals over the age of 5.  However, it 
is suggested that sex- and ethnicity-specific cutoffs may improve the sensitivity and 
specificity in identifying children and adolescents at increased risk.  Yoo and colleagues 
suggest that WHtR is less age- and sex dependent, but it may vary by ethnicity.  A 
limitation of WHtR is that it has not been validated in children under age 5. 
Research Gaps  
Although considerable evidence demonstrates a relationship between diet quality 
and adiposity in the same individual, links between the diet quality of a mother and 
adiposity in her child have not been well documented.  The current body of research 
linking maternal diet quality and child adiposity centers on maternal prenatal diet.  In 
addition, research demonstrates a relationship between maternal diet quality and child 
diet quality and changes in diet quality related to changes in BMI.  Only two studies have 
evaluated the relationship between current maternal diet quality and child adiposity, and 
both had significant limitations, namely the lack of a multidimensional view of diet 
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quality and limited diversity within the study population.  Very few studies have included 
Hispanic participants; fewer have examined the diet quality of Hispanic mothers from 
lower socioeconomic backgrounds, and even fewer have done so longitudinally.  Almost 
no research has focused on associations of maternal diet quality and child’s adiposity. 
However, if such associations are found, efforts to improve mothers’ diets may help their 





Chapter III – METHODS 
Introduction 
The first two chapters of this dissertation detailed the prevalence of childhood 
obesity in the United States, among various racial and ethnic groups, and among children 
living in households with limited income; explored individual and environmental 
determinants of childhood obesity; and outlined how this present study will add to the 
existing literature.  This chapter will describe how the research was conducted.  Because 
this is an ancillary study, we will first describe the parent study, then the current study, 
then how the data were cleaned and analyzed.  
Overview--Parent (EOA) Study 
The present study, the Maternal Diet Quality (MDQ) Study, was conducted 
ancillary to the Endotoxin, Obesity and Asthma (EOA) Study, a prospective cohort study 
funded by the National Heart, Lung, and Blood Institute (NHLBI).  The EOA Study was 
designed to investigate the association of indoor endotoxin, nitrogen dioxide (NO2), and 
aeroallergen exposure, as well as obesity and physical activity, with the prevalence, 
persistence, and incidence of asthma-like conditions over a three-year period in a cohort 
of children, ages 3 to 5, entering Head Start programs in neighborhoods with high asthma 
hospitalization rates in New York City.  
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 The EOA Study was conducted between July, 2002 and December, 2007 and was 
approved by the Institutional Review Board of the Columbia University Medical Center; 
protocol # AAAA5236. Participants were families with 3 to 4-year-old children entering 
Head Start programs. The EOA Study consisted of 3 components:  
Component #1: Survey of asthma/wheeze symptoms and risk factors 
 All enrolled participants (n=1,029) were invited to complete 3 annual 
questionnaires of prevalence and history of asthma/wheeze, personal and family medical 
history, asthma risk factors, and demographics, including degree of acculturation such as 
language use in different settings, country of birth, and consumption of Hispanic foods.  
Participants received $10 compensation for completing each annual questionnaire.  
Component #2:  Home Visits 
 The enrolled participants were also invited to receive three annual home visits to 
measure environmental conditions in the home, to collect biospecimens from the child 
and biological parents, and to collect physical measurements from the child.  
 Questionnaires.  At the home visits, the study team administered the EOA 
questionnaire to the caregiver face-to-face (if not previously completed).  Additionally, to 
assess diet and dietary acculturation, the team assisted caregivers in completing the 
SWAN Food Frequency Questionnaire about their diet in English or Spanish.  
 Physical measurements—child only.  At each visit, the child’s height, weight, 
waist and hip circumferences, and skin fold thicknesses were measured.  An ActiWatch 
physical activity monitor was placed on the child’s nondominant wrist.  Upon completion 
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of the third and final home visit, comprehensive spirometry was conducted at the 
Children’s Hospital of New York.  
 Biospecimens.  A one-time blood specimen was collected from each biological 
parent and an annual specimen from the child; the specimens were analyzed for 
antioxidant levels, cotinine, and total and specific Immunoglobulin E (IgE) to common 
allergens.  These biomarkers were compared to questionnaire data on exposures and the 
other exposure data in relation to asthma outcomes.  Participants received $25 
compensation for each blood sample. 
 Environmental samples.  Dust samples were collected by vacuum cleaner from 
the kitchen and the child’s bed, and indoor NO2 and temperature/humidity monitors were 
placed on the homes.  These monitors and the Actiwatches were collected one week later. 
Participants received $25 compensation for each home visit.  
Component #3: Environmental sampling at Head Start Centers 
 All participating Head Start Centers were visited twice a year while EOA Study 
children were enrolled to measure endotoxin, aeroallergens, and NO2 levels, which, when 
combined with the home exposure, provided a more robust measure of allergen exposure. 
Dust specimens were taken from nap areas or mats and from kitchen areas.  One-week 
indoor NO2 samples were also collected.  Please see Figure 1 below for the EOA study 
flow.    
 The Maternal Diet Quality (MDQ) study utilized the food frequency 
questionnaires obtained from the caregivers, the anthropometric and body composition 
measures obtained from the child, and the demographic data that were collected as part of 
the baseline and two follow-up visits of the Parent Study.  
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Setting – Parent (EOA) Study 
 Recruitment for the Parent Study took place in 50 Head Start centers in New York 
City.  Head Start is a program sponsored by the United States Department of Health and 
Human Services that promotes school readiness by enhancing cognitive, social, and 
emotional development through the provision of educational, health, nutrition, social and 
other services to children age 3-5 years and their families (ACF, 2016).  According to 
data from the Head Start Family and Child Experiences Survey (FACES 2003), the  




median annual household income of Head Start families was $13,200 in 2002 when the 
EOA study began (Zill, Sorongon, Kim, Clark, & Woolverton, 2006).  Additionally, 60% 
of the families received the Special Supplemental Nutrition Program for Women, Infants, 
and Children (WIC), 53% received food stamps (now Supplemental Nutrition Assistance 
Program, SNAP), and 19% received Temporary Assistance for Needy Families (TANF).   
 The criteria for Head Start eligibility in NYC were: (1) family income below 
100% of Federal Poverty Level (FPL) with consideration of family size ($18,100 for a 
family of 4) (HHS, 2010); (2) receiving cash assistance through TANF; (3) homeless (as 
defined by the McKinney Vento Act); or (4) child is a foster child (ACS, 2012).  After 
priority was given to those meeting the above criteria, programs with Head Start funding 
could offer places to families with incomes between 100% and 130% of FPL, up to a 
maximum of 35% of enrollees, and an additional 10% with incomes above 130% of FPL. 
NYC has a higher income threshold (at or below 200% of FPL) for subsidies funded by 
the Child Care Development Block Grant (CCDBG) (ACS, 2015).  When funds are 
available, NYC can also serve higher income families.  The maximum incomes are: 
(275% of FPL for a family of 2; 255% for a family of 3; and 225% for a family of 4 or 
more. 
 Head Start programs are run by organizations, local government agencies, or 
school districts that receive five-year renewable grants from the federal government 
(ACF, 2016).  In NYC, the Administration for Children’s Services (ACS) is one of the 
larger grantees, sponsoring more than 250 Head Start centers throughout the city.  Prior 
to the receipt of funding, the leadership of the EOA Study team received pledged support 
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from several ACS-affiliated Head Start programs.  After funding was received, the 
leadership invited the ACS-affiliated programs to participate in the study during an 
annual gathering of ACS-affiliated Head Start program directors.  Fifty Head Start 
centers in northern Manhattan, the Bronx, and Brooklyn agreed to participate and allowed 
the study team to recruit at their sites.  At the centers, English- and Spanish-speaking 
interviewers then presented the study to groups of parents and guardians. 
Recruitment – Parent (EOA) Study 
 A letter describing the study was distributed to all new enrollee parents beginning 
September 2002 at the 50 Head Start Centers in NYC.  Members of the field team also 
presented the study to parents at the Head Start centers.  Parents who were available to 
complete the baseline questionnaire on site were asked to do so if they were eligible.   
Others were asked to complete reply forms so that the team could call them to administer 
the survey by phone. 
Study Sample – Parent (EOA) Study 
 From those respondents who were willing to participate in the EOA study, a 
cohort of 1,000 was planned for baseline questionnaire data collection and two years of 
follow-up; in addition, 500 families (of 200 children with and 300 without asthma) would 
be recruited by convenience sampling to receive home visits.  The team eventually 
enrolled 1,029 families, of whom 547 received home visits between December, 2002 and 
December, 2007.  
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Inclusion/Exclusion Criteria – Parent (EOA) Study 
 Informed consent was obtained from one or when possible both parents for all 
study procedures.  Because many study participants were Spanish- speaking (62% in the 
entire cohort; 75% in the home visit participants), consent forms and other materials for 
study participants were provided in both English and Spanish.  All interviewers were 
bilingual, and all home visit teams included at least one Spanish- speaking member. 
Inclusion Criteria:  Children ages 3 to 5 and newly enrolled in Head Start programs as of 
September 2002 and their primary caregivers.  Exclusion Criteria:  Children whose 
mothers spoke neither English nor Spanish were excluded.  If more than one child in a 
household was eligible, the mother decided which child would be enrolled. 
Current Investigation – Maternal Diet Quality (MDQ) Study 
Study Design 
The MDQ study was designed as a longitudinal study ancillary to the EOA study.  Data 
from the EOA study’s 3 home visits--Baseline (T0), Follow-up 1 (T1) and Follow-up 2 
(T2)--which occurred approximately 1 year apart, were used for the analyses.  These data, 
assessed at each time point, include dietary intake from mothers, anthropometric 
measurements from children (weight, height, skinfolds), and demographic characteristics 
assessed by questionnaire.  Approval for the MDQ study was obtained from the Teachers 




 Participants in the MDQ study were selected from EOA home visit participants.  
Inclusion Criteria:  (1) Received a home visit (n=552); (2) Mothers who were the primary 
caregivers or had primary responsibility for the participating child (n=498 mother a 
primary caregiver; n = 54 mother not a primary caregiver); (3) Completion of the Study 
of Women’s Health Across the Nation (SWAN) food frequency questionnaire at baseline 
(n=380 had a SWAN FFQ, n = 118 did not have a SWAN FFQ).  Exclusion Criteria:  (1) 
Caregivers who were not mothers (n=46) or mothers who were not primary caregivers or 
who did not specify their role (n=8); and (2) Failure to complete a food frequency 
questionnaire at baseline (n=118).  The study’s flow of participant selection is shown in 
Figure 3.2.   
 




Measures used in the MDQ Study 
Mother’s Dietary Intake 
 Mothers provided information about their intake of foods and beverages by 
completing the SWAN food frequency questionnaire (FFQ) in  English or Spanish.  The 
SWAN FFQ is a modification of the 1995 version of the Block FFQ.  The English-
language version of the SWAN contains a 103-item core food list created based on the 
responses of African American and Caucasian participants in the second National Health 
and Nutrition Examination Survey (NHANES II) (Huang et al.,  
2002).  The Spanish version includes the 103-item core food list plus 9 additional ethnic 
foods first identified as important in the diets of Hispanics on the basis of their nutrient 
contribution in NHANES II, in addition to focus group discussion by other volunteers 
(Huang et al., 2002).  Respondents to either version were asked to recall their usual 
dietary intake during the past year. 
 The SWAN FFQ assessed frequency of intake using an 8-point scale: never or 
less than once per month, 1 per month, 2-3 per month, 1 per week, 2 per week, 3-4 per 
week, 5-6 per week, and every day.  Sometimes a ninth category, “2+ per day”, was used.   
Portion size usually eaten was assessed using a 4-point scale for each food (1/4 cup, 1/2 
cup, 1 cup and 2 cups).  Participants were asked to count unitary items such as slices of 
bread by indicating the number of slices eaten.  However, for non-unitary items, the 
original SWAN study used three-dimensional portion size models, while we used the 
Block portion-size graphic to facilitate quantification of amounts.  Beverage intake was 
measured up to five glasses or cans per day.   
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Validity/Reliability of the SWAN FFQ.  Block et al (Block, Wakimoto, Jensen, 
Mandel, & Green, 2006) validated the SWAN Spanish language FFQ in a population of 
low-income Hispanic men and women.  Three 24-hour dietary recalls provided the 
reference data.  The FFQ was administered by interview, with a portion-size graphic to 
aid in quantitation.  Mean energy and macronutrient intake estimates were significantly 
higher by the FFQ than by the 24-hour dietary recalls.  Cholesterol, saturated fat, dietary 
fiber, iron, vitamin A, and percentage of energy from fat were not significantly different 
by the two methods.  The median of unadjusted correlations was 0.52, and that of de-
attenuated correlations was 0.61.  The median sensitivity was 0.62, and the median 
specificity was 0.76. 
 Analysis of SWAN FFQ Data.  Completed SWAN FFQs were scanned by 
Nutrition Quest.  Nutrition Quest provided daily gram amounts for each questionnaire 
item in addition to standard output of daily micro- and macronutrients intakes, calories 
and USDA food group servings for the following food groups necessary to calculate the 
HEI-2015: sodium, monounsaturated, polyunsaturated, and saturated fatty acids.  The 
Food and Nutrient Database Studies (FNDDS) was used to calculate the remaining HEI-
2015 components.  Explanations of decisions made when selecting foods or sizes from 
the FNDDS database are outlined in Appendix F.  The FNDDS contains information 
about foods eaten by the US population.  It includes food descriptions, weights for 
common food portions, and values for food energy and 64 other nutrients/food 
components (Montville et al, 2013).  FNDDS is released every 2 years.  With each new 
version of FNDDS, foods/beverages, portions, and nutrient values are reviewed and 
updated.  Foods/beverages are added based on changes in consumption and the 
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marketplace; new or updated nutrients are provided, and other enhancements are added.  
For this reason, the FNDDS 2005/2006 version was used for conversion.  This version 
coincides with the dates where the greatest number of FFQs were collected. 
USDA resources have been used by other researchers for conversion of the Block 
FFQ values to HEI components (Chandran et al., 2011; Quandt et al., 2011; Savoca et al., 
2009, 2010, 2011). 
Mother’s diet quality  
 The Healthy Eating Index (HEI) was used to assess diet quality in the MDQ 
study.  Developed by the U.S. Department of Agriculture (USDA), the Healthy Eating 
Index (HEI) measures quality, independent of quantity, in terms of how well diets meet 
federal dietary recommendations (Guenther et al., 2013; USDA, 2018).  The federal 
government uses the USDA Food Patterns to translate key recommendations of the 
Dietary Guidelines for Americans (DGA), which are issued every 5 years, into specific, 
quantified recommendations for types and amounts of foods for consumption at 12 
calorie levels (Guenther et al., 2013; Krebs-Smith et al., 2018).  The USDA Food 
Patterns are used to set the HEI’s scoring standards, which are density-based (amount of 
component consumed per 1,000 kcal), allowing the relative mix of foods to be evaluated.  
The HEI has had multiple iterations, all measuring the same constructs, but in 
relation to current dietary guidelines.  The HEI-2005 was the first iteration.  The HEI-
2015 is the latest iteration of the index and reflects the 2015-2020 Dietary Guidelines for 
Americans (Krebs-Smith et al., 2018).  One of the many uses of the HEI is to assess 
relationships between nutrients, foods, and/or dietary patterns and health-related 
outcomes in research settings (Guenther et al., 2013; Krebs-Smith et al., 2018).  We were 
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interested in understanding relationships and implications of diet quality of low-income, 
predominantly Hispanic mothers, but diet quality is rarely measured in this population.  
As such, we were interested in translating our data, collected between 2002 and 2007 
when the 2005 DGA were in place, to current guidelines with relevance for today’s 
population.  We therefore used the HEI-2015 iteration as the basis for our analyses. 
The HEI-2015 assesses diet quality from two perspectives: adequacy (dietary 
components for which greater amounts are better) and moderation (dietary components 
for which smaller amounts are better) (Guenther et al., 2013; Krebs-Smith et al., 2018).  
It has 13 components (see Table 3.1 below), nine of which address diet adequacy: 1) total 
fruit; 2) whole fruit; 3) total vegetables; 4) greens and beans; 5) whole grains; 6) dairy; 7) 
total protein foods; 8) seafood and plant proteins; and 9) fatty acids.  The other four 
components address moderation: 1) refined grains; 2) sodium; 3) added sugars, and 4) 
saturated fats (Krebs-Smith et al., 2018).  Alcohol contributes to the total caloric intake 
but is not represented by a separate component. 
Each of the 13 component scores can range from 0-5 or 0-10, (see Table 3.1).  For 
adequacy components, a score of zero is assigned to no intake, except for fatty acids, 
where a ratio of unsaturated to saturated fatty acids ≤1.2 receives a score of zero. Scores 
increase proportionately with increasing intake up to the standard (USDA, 2013).  For 
moderation components, the maximum score is assigned to standard intakes and scores 
decrease as intakes increase.  For moderation components, higher scores indicate lower 
intakes (USDA, 2013).  For all components, a higher score indicates a higher quality diet 
(USDA, 2013).  The component scores can be examined collectively to elucidate patterns 
of diet quality, Radar graphs are visual tools that can be used to illustrate such patterns 
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(Krebs-Smith et al., 2018).  The total score is the sum of the component scores and 
ranges from 0 to a maximum of 100. HEI-2015 scores may be graded as follows: 
A: overall scores of 90 to 100, or component scores 90% to 100% of  
maximum score; 
B: overall scores of 80 to 89, or component scores 80% to 89% of  
maximum score; 
C: overall scores of 70 to 79, or component scores 70% to 79% of  
maximum score; 
D: overall scores of 60 to 69, or component scores 60% to 69% of  
maximum score; and  
F: overall scores of 0 to 59, or component scores 0% to 59% of maximum score. 




Standard for maximum score Standard for minimum score of 0 
Adequacy: 
#1:Total Vegetables4 5 ≥1.1 cup equiv. per 1,000 kcal No Vegetables 
#2: Greens and Beans4 5 ≥0.2 cup equiv. per 1,000 kcal No Dark Green Vegetables or 
Legumes 
#3: Total Fruits2 5 ≥0.8 cup equiv. per 1,000 kcal No Fruit 
#4: Whole Fruits3 5 ≥0.4 cup equiv. per 1,000 kcal No Whole Fruit 
#5: Whole Grains 10 ≥1.5 oz equiv. per 1,000 kcal No Whole Grains 
#6: Dairy5 10 ≥1.3 cup equiv. per 1,000 kcal No Dairy 
#7: Total Protein Foods6 5 ≥2.5 oz equiv. per 1,000 kcal No Protein Foods 
#8: Seafood and Plant Proteins6,7 5 ≥0.8 oz equiv. per 1,000 kcal No Seafood or Plant Proteins 
#9: Fatty Acids8 10 (PUFAs + MUFAs)/SFAs ≥2.5 (PUFAs + MUFAs)/SFAs ≤1.2 
Moderation: 
#10: Refined Grains 10 ≤1.8 oz equiv. per 1,000 kcal ≥4.3 oz equiv. per 1,000 kcal 
#11: Sodium 10 ≤1.1 gram per 1,000 kcal ≥2.0 grams per 1,000 kcal 
#12: Added Sugars 10 ≤6.5% of energy ≥26% of energy 
#13: Saturated Fats 10 ≤8% of energy ≥16% of energy 
1: Intakes between the minimum and maximum standards are scored proportionately. 
2: Includes 100% fruit juice. 
3: Includes all forms except juice. 
4: Includes legumes (beans and peas). 
5: Includes all milk products, such as fluid milk, yogurt, and cheese, and fortified soy 
beverages. 
6: Includes legumes (beans and peas). 
7: Includes seafood, nuts, seeds, soy products (other than beverages), and legumes (beans 
and peas). 





Validity/Reliability of the HEI-2015.  The HEI-2015 has been validated for 
construct validity, criterion validity and reliability (Reedy et al., 2018).  
 Reedy and colleagues assessed construct validity first by scoring 4 sets of 
exemplary menus (USDA Food Patterns, the DASH Eating Plan, Harvard’s Healthy 
Eating Guide, and American Heart Association’s (AHA) No-Fad Diet), which represent 
very high-quality diets, as an initial check of the construct validity of the HEI-2015 index 
(how well it measures what it is supposed to measure).  The HEI-2015 total scores for the 
exemplary menus were very high; scores ranged from 87.8 to 100.  Reedy and colleagues 
scored the diets of NHANES 2011-2012 respondents and demonstrated that the HEI 
could detect meaningful differences in diet quality among individuals.  The HEI-2015 
consistently distinguished between the first and 99th percentile in total and component 
scores and consistently assigned the first percentile low scores and the 99th percentile 
high scores.  
Another test of construct validity involves distinguishing between groups with 
known differences in diet quality (concurrent-criterion validity--a type of construct 
validity). The HEI-2015 distinguished predicted differences between men (poorer) and 
women, younger adults (poorer) and older adults, and smokers (poorer) and nonsmokers. 
In addition, the HEI-2015 measured diet quality independently of energy intake, showing 
low correlations (below 0.25) between HEI components and energy.  Finally, in principal 
components analysis (PCA), the HEI-2015 was found to indicate multiple underlying 
dimensions, highlighting the equal importance of the component and total scores. 
Reliability was assessed in two ways: The relationship among the components 
was measured by Pearson correlation and checked for internal consistency by Cronbach’s 
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alpha.  The researchers found Cronbach’s alpha to be 0.67, supporting the reliability of 
the HEI-2010 total score as an indicator of overall diet quality.  Finally, the researchers 
demonstrated criterion validity by evaluating the index’s ability to predict health 
outcomes.  Using data from the AARP prospective cohort, the HEI-2015 found links 
between diet quality and all cause and cancer mortality. 
 HEI Component Scores.  HEI-2015 Component scores were calculated from the 
dietary intake data collected using the SWAN FFQ described above.  The NCI and 
USDA (2014) provide instructions and SAS macros to enable the public to calculate the 
Healthy Eating Index-2015 (HEI-2015) component and total scores using food frequency 
questionnaire data.  The SAS macro proceeds in two steps: I—Calculation of food group, 
nutrient, and energy intakes at the individual participant level; II—Application of the 
HEI-2015 scoring algorithm.   
Following the instructions for Section I of the macro, we linked the MDQ data to 
the Food Patterns Equivalents Database (FPED) to generate cup and ounce equivalents. 
Food Patterns Equivalents Database is the new name for the former MyPyramid 
Equivalents Database (MPED) (Bowman et al, 2008) developed by USDA (Bowman et 
al, 2014).  The FPED converts FNDDS foods to cup equivalents of Fruit, Vegetables, and 
Dairy; ounce equivalents of Grains and Protein Foods; number of Alcoholic Drinks; 
teaspoon equivalents of Added Sugars; and gram equivalents of Saturated Fats.  Foods in 
FNDDS 2005-06 are disaggregated to ingredients that can be directly assigned to one of 
the FPED components.  This approach allowed the MDQ dataset to create eleven of the 
thirteen components: #1 Total Vegetables, #2 Greens and Beans, #3 Total Fruit, #4 
Whole Fruit, #5 Whole Grains, #6 Dairy, #7 Total Protein Foods, #8 Seafood and Plant 
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Proteins, #10 Refined Grains; #12 Saturated Fats, and #13 Added Sugars.  Data to 
calculate components #9 Fatty Acids and #11 Sodium were provided by Nutrition Quest 
described in the Analysis of the SWAN FFQ above. 
We then performed computations to create HEI-2015 components that are a 
combination of variables based on nutrients or FPED food groups.  Whole fruit was 
calculated by subtracting Fruit Juice from Total Fruit.  We calculated the Fatty Acids 
component scores as the ratio of unsaturated fatty acids to saturated fatty acids: 
(monounsaturated fatty acids + polyunsaturated fatty acids)/saturated fatty acids.  In the 
HEI-2015, legumes were counted toward both vegetables and protein components.  To 
calculate the Total Vegetables component, all vegetables and legumes (in cup 
equivalents) were summed.  Similarly, to calculate the Greens and Beans component, 
dark green vegetables and legumes (in cup equivalents) were summed.  To calculate the 
Total Protein Foods component, all animal and plant proteins, including meat, poultry, 
fish, eggs, nuts, seeds, soy, and legumes (in ounce equivalents) were summed.  Similarly, 
to calculate the Seafood and Plant Proteins component, all fish and plant proteins, 
including fish, nuts, seeds, soy, and legumes (in ounce equivalents) were summed. 
 HEI-2015 Total score.  HEI-2015 total scores were calculated according to the 
procedures outlined above for HEI-2015 component scores.  Cut points from the graded 
approach (90-100; 80-89; 70-79; 60-69; 0-59) were used for the analyses. 
Child’s Anthropometric Measures 
 Weight.  Weight was measured using a Seca 706 digital electronic scale with 
automatic calibration (Seca Corporation, Columbia, MD), which operated by battery 
when necessary.  Scale calibration was checked for accuracy on a daily basis using three 
  
76 
10-pound standard weights.  A calibration record was maintained listing the date, name, 
and comments of the examiner calibrating the scale.  If the calibration deviated by >1% 
(i.e., 0.1lb per 10-pound weight), the scale was not used and was sent back to SECA for 
recalibration. 
The child’s shoes, heavy outer clothing, and obstructing hair clips or ties were 
removed.  The child was instructed to stand motionless in the center of the scale with 
arms hanging loosely at the sides.  Body weight was recorded in pounds, to the nearest 
one-hundredth of a pound.  The child was asked to step off of the scale, and the 
procedure was repeated to obtain the second weight measurement. 
 Height.  Height was measured using a Seca stadiometer (Seca, Corporation, 
Columbia, MD).  The child’s shoes, heavy outer clothing, and obstructing hair clips or 
ties were removed so that the hair was flat.  The child stood erect facing forward with 
heels, buttocks and head firmly against the vertical backboard, chin parallel to the floor, 
knees locked and hands at sides.  The headpiece was raised to a height above the child’s 
head, and then lowered so that it rested flatly and firmly on the child’s head, compressing 
the hair.  While pressing firmly on the headpiece, the technician read the number on the 
height bar immediately behind the indicator line of the plastic height marker, while 
looking directly at the indicator line to avoid parallax in reading the measurement.  The 
height was measured to the nearest 1/8 inch, and then recorded on the screening form. 
The headboard was raised and the procedure was repeated for a second reading.  
 Body Mass Index (BMI).  The child’s height (inches) and weight (lbs) were 
converted to metric units; an average of the two height and weight measurements were 
used to calculate the child’s raw BMI (kg /m2). BMI z-score, which indicates the number 
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of standard deviations from the average BMI for age and sex, and BMI percentile-for age 
were calculated using the CDC SAS macro based on the CDC 2000 reference population 
(CDC, 2016b).  BMI z-scores calculated in this way correspond to growth chart 
percentiles and can be converted to BMI-for-age percentiles for comparison with a 
normal distribution table (Must & Anderson, 2006).  Must and Anderson suggest that 
BMI z-scores should be used as the analytic variable while BMI percentiles to explain 
results, since they are more intuitive.  Therefore, BMI z-scores were used for analyses. 
Recommendations for children are to maintain a BMI below the 85th percentile for age 
and sex. 
 Skinfold.  Triceps and subscapular skinfolds were measured three times to the 
nearest millimeter for both boys and girls with Lange calipers, following a standard 
protocol based on the NHANES III anthropometry protocol (CDC, 2009).  These were 
used to calculate z-scores and age and sex-specific nationally representative percentiles 
for US children and adolescents using percentile reference curves outlined by Addo and 
colleagues below (Addo & Himes, 2010).  These anatomical sites were chosen because 
they have been widely used in pediatric research and were accessible without completely 
undressing the child (Gibson, 2005; Laurson, Eisenmann, & Welk, 2011).   
The accuracy of the Lange Caliper was tested using the gauge provided by the 
manufacturer.  Each step of the gauge was measured with the caliper, and if the 
measurement differed by 0.5 mm or more from the actual measurement of the gauge step, 
the caliper was sent to the manufacturer for readjustment (Cambridge Scientific 
Industries, Inc, Cambridge, Massachusetts). 
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 Triceps.  Upper arm length was measured with a tape measure from the posterior 
border of the acromion process to the tip of the olecranon process of the right arm; during 
the measurement, the upper arm length midpoint was marked.  Triceps skinfolds were 
measured to the nearest mm at the upper arm mid-point mark on the posterior surface of 
the right upper arm.  Raw triceps skinfolds were converted to z-scores based on CDC 
reference population following the procedure outlined by Addo and colleagues and 
described below under Validity/Reliability of Skinfold Measures (Addo & Himes, 2010). 
No standard recommendation exists for the ideal skinfold measurements to maintain.  
 Subscapular.  The subscapular skinfold was measured to the nearest mm at the 
inferior angle of the right scapula.  The measurement was obtained by picking up a 
skinfold just below the bottom point of the right scapula in line with the natural cleavage 
lines of the skin (at about a 45 angle, diagonal, to the long axis of the body).  The caliper 
was applied about 1 cm below the point being grasped or about 1 inch below the bottom 
point of the scapula.  Raw subscapular skinfolds were converted to z-scores based on 
CDC reference population following the procedure outlined by Addo and colleagues and 
described below under Validity/Reliability of Skinfold Measures (Addo & Himes, 2010). 
No standard recommendation exists for the ideal skinfold measurements to maintain. 
Validity/Reliability of Skinfold Measures.  Addo and colleagues (Addo & Himes, 
2010) developed percentile reference curves for triceps and subscapular skinfold 
thicknesses by using the same national samples as those included in the reference curves 
for body mass index (BMI) in the CDC 2000 Growth Charts.  They included triceps and 
subscapular skinfold-thickness measurements for 32,783 individuals who had complete 
data for BMI.  The LMS method was used to derive 10 smoothed skinfold-thickness 
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percentile reference curves and to generate the L, M, and S parameters that allow the 
calculation of standardized z scores. 
Inter- and intra-rater reliability measures were informed by the literature.  Both 
Kispert et al (Kispert & Merrifield, 1987) and Pollock et al (Muller et al., 2013) noted 
that group practice sessions improved inter-rater reliability.  As reported by Kispert, 
Lohman et al observed marked improvements in intra-rater reliability after 30-minute 
practice sessions.  EOA Study technicians were trained using a similar approach by a 
pediatric nurse skilled at taking anthropometric measurements.  EOA Study technicians 
were trained in groups ranging from 3-4. Sessions lasted for about 30 minutes each and 
technicians attended at least 6 sessions for 2 weeks.  They received written instructions 
and observed the pediatric nurse taking the measurements on children.  They were then 
required to practice the measures on each other and finally demonstrate their ability to 
take the measurements by replicating measurements taken by the nurse on one of the 
technicians.  
 Waist Circumference.  Waist circumference was measured twice to the nearest 
¼ inch at the umbilicus on bare skin.  The mean of the two readings were used as the 
final measure of waist circumference. 
 Waist to Height Ratio (WHtR).  Child’s waist circumference (inches) and height 
(inches) were converted to metric units.  Waist to height ratio was calculated by dividing 
the waist circumference (cm) by the height (cm).  Recommendations are to maintain a 
WHtR below 0.5 or 50%. 
Validity/Reliability of WHtR.  Nambiar and colleagues (2008) validated the 
WHtR in a sample of 3,691 Australian children.  Three age groups were recruited: grades 
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1 (5–7 years)—prepubertal, 5 (9–11 years) and 10 (15–17 years).  A majority, 81%, of 
the children identified as Caucasian and 19% identified as Aboriginal and Torres Strait 
Islander.  Weight (kg), height (cm) and waist circumference (WC) (cm), measured at the 
umbilicus, were obtained from 3597 children.  Measurements were taken in duplicate and 
a third was taken if the difference between the first two was more than 0.5 cm.  Averages 
of the two closest measurements were used in the analysis.  WHtR was calculated by 
dividing WC (cm) by height (cm).  The first step of the validation involved determining 
the appropriate power to which height should be raised in order to adjust WHtR by height 
for age and sex.  Pearson correlations were calculated between WC and height and also 
between WHtR and height. Correlations of zero or close to zero were expected if 
waist/height (raised to a power of 1) was an appropriate adjustment.  In every case, WC 
was correlated with height, demonstrating the need for a correction.  Correlation between 
WHtR and height was r=0.07 in males ages 5-7 and r=0.05 in females ages 5-7, 
demonstrating that the association between waist and height was removed by waist/height 
raised to a power of 1.  Correlation between WHtR and height was higher for older 
children, indicating that waist/height raised to a power of 1 was not appropriate for older 
ages.  In the second step, the researchers examined the error associated with the 
correlations ranges for the older children.  The errors ranged from 0.25 to 1.85%. The 
researchers thus reasoned that since the variation in WHtR explained by height was less 
than 2%, the use of WHtR calculated as WC/height raised to a power of 1 may be 
biologically acceptable. 
Of the other studies that have investigated WHtR in children younger than 5, 
Sitsma and colleagues investigated whether WHtR was a better indicator of  body fat 
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compared to WC and BMI.  They concluded that WHtR was a valid indicator of body fat, 
but not better than BMI or WC.    
Demographics and Other Variables 
 Child’s Physical Activity.  Physical activity was used as a covariate in the 
analyses.  Actiwatch accelerometers (Mini-Mitter Co., Bend, Oregon) were used to 
monitor physical activity.  Research technicians attached the Actiwatch to the child’s 
non-dominant wrist with a hospital band.  The child was asked to wear the Actiwatch day 
and night for 7 days, including while sleeping.  The child and primary caregiver were 
instructed not to remove the Actiwatch; the child could do his or her normal activities, 
including bathing, while wearing the Actiwatch (it was waterproof). 
Actiwatches were programmed to delay the start of accelerometer data collection 
until 11:50 pm on the day of installation (day zero) so that children would have 6 to 12 
hours during which to become accustomed to wearing the device before it began 
recording.  The Actiwatch collected data continuously, using a 1-minute interval or 
epoch, for 6 complete days.  The Actiwatch was retrieved on the seventh day of 
monitoring, and data from days 1 to 6 were used for analyses.  To account for having 
collected only partial data on the seventh day Firrincieli et al. extrapolated the data for the 
missing hours (Firrincieli et al., 2005).  However, the EOA study protocol specified 
excluding data collected on the seventh day from analyses. 
As Freedson (Freedson, Pober, & Janz, 2005) recommended, EOA researchers 
analyzed raw accelerometer count data, rather than using them to estimate energy 
expenditure.  The researchers used mean activity counts as the measure of physical 
activity, which was defined as the mean per-minute accelerometer count during awake 
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minutes.  Awake minutes were identified from the accelerometer data using an algorithm 
supplied by MiniMitter (Mini-Mitter Co., Bend, Oregon). 
Validity/Reliability of Actiwatch.  Puyau et al validated and calibrated Computer 
Science and Applications Actigraph (CSA) and Mini-Mitter Actiwatch (MM) monitors, 
on the hip or lower leg, against 6-hour energy expenditure (EE) measurements by room 
respiration calorimetry, activity by microwave detector, and heart rate by telemetry in 26 
children, 6 to 16 years old (Puyau, Adolph, Vohra, & Butte, 2002).  Children performed 
structured activities, including resting metabolic rate (RMR), Nintendo, arts and crafts, 
aerobic warm-up, Tae Bo, treadmill walking and running, and games.  Activity energy 
expenditure (AEE) computed as EE - RMR was regressed against counts to derive 
threshold counts. 
The mean correlations between EE and AEE and counts were slightly higher for 
MM-hip (r=0.78 ± 0.06) and MM-leg (r=0.80 ± 0.05) than for CSA-hip (r=0.66 ± 0.08) 
and CSA-leg (r=0.73 ± 0.07).  CSA and MM performed similarly on the hip (inter-
instrument r=0.88) and on the lower leg (inter-instrument r=0.89).  The validation of the 
CSA and MM monitors against AEE certify these monitors as valid, useful devices for 
the assessment of physical activity in children. 
In the EOA study, the Actiwatches were placed on the wrist, but Puyau et al 
cautioned that accelerometer output is influenced by the place of attachment on the body 
(Puyau et al., 2002), and that because AEE is a function of body acceleration and the 
mass of the body displaced, the center of the body mass would provide the most accurate 
output. Melanson and Freedson compared the correlations between EE on the treadmill 
and counts obtained with the CSA monitor on the ankle (r=0.66), hip (r=0.80), and wrist 
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(r=0.81), and Payau et al found that placement of the activity monitor on the hip or the 
leg gave similar results for MM, and somewhat different results for the CSA (Melanson 
& Freedson, 1995; Puyau, Adolph, Vohra, & Butte, 2002). 
 Demographic and Other Variables Assessed by Questionnaires.  Primary 
Caregivers responded to a questionnaire in English or Spanish regarding demographic 
information and other potential confounders.  
Questions regarding the child included: Child’s Gender: (boy/girl); Child’s Age: 
(date of birth); Child’s Age at Interview: (calculated from the difference between the 
date of the baseline interview and the child’s date of birth); Child’s age at 
measurement: (calculated from the difference between the date of the first home visit (in 
the same year as the baseline interview) and the child’s date of birth); Child’s 
Birthweight: (pounds and ounces); Child’s Race: (Black, African-American, or of 
African descent; Asian/Pacific Islands, or of Asian descent; White, Caucasian, or of 
European descent; American Indian/Alaskan native (and tribe); South Asian (from India, 
Pakistan, Bangladesh, Nepal); Other (specify); Child’s Ethnicity: 
(Spanish/Latino/Hispanic descent; Mexican/Chicano descent; Puerto Rican descent; 
Dominican descent; Of other Spanish/Hispanic/Latino descent? (please specify); Child’s 
Nationality: (where child born; New York City; New York State but not New York City; 
Puerto Rico; The United States but not New York State or Puerto Rico; which state; The 
Dominican Republic; Another Caribbean country; which one?; Mexico; A South/Central 
American country; which one?; An African country; which one?; Another foreign 
country; which one?); Child’s screen behavior: (number hours child watches television, 
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plays computer games); Child’s eating behavior while watching television: (meals/day 
watching television).  
Questions regarding the mother included: Mother’s Age: (number of years; year 
born); Mother’s Marital Status: (married to child’s father; married to someone other 
than child’s father; living with child’s father; living with someone other than child’s 
father; widowed; divorced; separated; never married).  Mother’s Place of Birth: (where 
born: New York City; New York State but not New York City; Puerto Rico; The United 
States but not New York State or Puerto Rico; which state; The Dominican Republic; 
Another Caribbean country; which one?; Mexico; A South/Central American country; 
which one?; An African country; which one?; Another foreign country; which one?). 
Mother’s Education: highest grade/year completed (Grade school (0,1…8); High school 
(9,…12, GED); Technical/vocational school; how many years?; College; how many 
years? ___, Bachelor’s degree; Graduate school; how many years? ___, Master’s, 
Doctorate. Mother’s School (outside home): Currently go to school (No; Yes, part-time; 
Yes, full-time). Mother’s Employment (outside home): Does your child’s mother 
currently have a job outside the home (please check one): No; Yes, part-time; Yes, full-
time. Mother’s Language Preference: At home, at work, with friends.  Mother’s 
weight loss attempt: Over the past year, about how many times have you gone on a diet 
to lose weight? Never, 1-2, 3-5, 6-8, 9-11, 12 or more (from SWAN FFQ).  This variable 
was treated as a continuous variable in analyses to allow the order of the responses to be 
retained.  Results are interpreted as a scale, with higher numbers reflecting increasing 
frequency of weight loss attempts.  
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Derived variables: Race/Ethnicity was determined through questions about race, 
Hispanic national origin, and children’s and parents’ birthplaces.  In ambiguous cases, 
children born in the United States who had at least one parent born in a Spanish-speaking 
country were categorized as having that national origin.  Children whose parents were 
born in a Spanish-speaking country other than the Dominican Republic, Mexico, or 
Puerto Rico or who were not born in the same Spanish-speaking country were 
categorized as “other/mixed Hispanic.”  Children whose race was identified as black, 
African-American, or of African descent and who were not identified as of 
Spanish/Latino/Hispanic descent were categorized as of “non-Hispanic black” ethnicity 
(black).  Children who met none of the above criteria or whose parent did not provide 
information about race/ethnicity were categorized as “other/unknown.”  
For survey items, please see Appendix B.  
Data Analysis Plan 
To evaluate possible selection factors that might distinguish the MDQ sample 
from the EOA sample, we compared EOA and MDQ demographic characteristics using 
descriptive statistics including frequencies, proportions, medians and ranges.  
Independent sample t-tests (continuous variables) and Chi-square tests (categorical 
variables) were used to assess the statistical significance of differences in distributions. 
Aim 1A: To evaluate diet quality using HEI-2015 total and component scores. 
To address the first aim of describing the diet quality of the mothers whose 
children are attending New York City Head Start programs, descriptive statistics 
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including frequencies, proportions, medians and ranges were calculated using IBM SPSS 
25.  
Aim 1B: To evaluate two-year changes in maternal diet quality of a sample of 
primarily Hispanic mothers of children attending New York City Head Start.  Changes 
from baseline (T0) to follow-up 1, T1 (one year after baseline) were evaluated.  Changes 
from baseline to follow-up 2, T2 (two years after baseline) were also assessed. 
To analyze Aim 1B, changes in MDQ (Total HEI-2015 Score) between baseline 
(T0) and follow-up 1 (T1) were calculated as HEI-2015 T1-T0 = HEI-2015 T1 – HEI-
2015 T0. Changes in MDQ between baseline (T0) and follow-up 1 (T2) were calculated 
as HEI-2015 T2-T0 = HEI-2015 T2 – HEI-2015 T0. 
Paired sample t-tests were conducted to determine whether the mean difference 
between paired observations was statistically significantly different from zero. 
 Aim 1C: To develop multiple regression models of relationships between 
maternal diet quality and mother’s demographic characteristics (age, ethnicity, education, 
place of birth, marital status, employment status, language preference at home, work and 
with friends, weight loss/diet attempts) at baseline. 
To understand the relationship of maternal diet quality (MDQ) and mom’s 
demographic characteristics (Aim 1C), multiple regression models were developed. Prior 
to the multiple regression, chi-square tests (categorical variables), Pearson’s correlation 
analyses (continuous variables), and bivariate regression (to check whether a factor is 
significant) were conducted. 
 Aim 2A: To evaluate the prevalence of overweight/obesity using BMI z-score, 
skinfold thicknesses (triceps and subscapular z-scores) and WHtR.  
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To address the second aim of describing the adiposity status of children attending 
New York City Head Start programs, descriptive statistics including frequencies, 
proportions, means and standard deviations were calculated using IBM SPSS 25. 
Aim 2B: To evaluate two-year changes in overweight/obesity in a sample of 
primarily Hispanic children attending NYC Head Start. Changes from baseline (T0) to 
follow-up 1, T1 (one year after baseline) were evaluated. Changes from baseline to 
follow-up 2, T2 (two years after baseline) were also assessed. 
To analyze Aim 2B, changes in BMI (Total HEI-2015 Score) between baseline 
(T0) and follow-up 1 (T1) were calculated as BMIz T1-T0 = BMIz T1 – BMIz T0. 
Changes in BMI between baseline (T0) and follow-up 1 (T2) were calculated as BMIz 
T2-T0 = BMI T2 – BMIz T0.  Similar calculations were done for WHtR and skinfold 
thicknesses. 
 Aim 2C: To develop multiple regression models of the relationship between 
overweight/obesity status and children’s characteristics (sex, physical activity, sedentary 
behavior, and meals eaten while watching TV) at baseline. 
To understand the relationship between child’s adiposity status and child’s 
demographic characteristics (Aim 2B), multiple regression models were developed. Prior 
to the multiple regression, chi-square tests (categorical variables), Pearson’s correlation 
analyses (continuous variables) and bivariate regression (to check whether a factor is 
significant) were conducted. 
 Aim 3A: To develop multiple regression models of relationships between 
maternal diet quality and child overweight/obesity, taking into account mother and child 
characteristics and behaviors at baseline and identified as significant in Aims 1 and 2. 
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 To analyze Aim 3A, multiple regression models were developed to explain the 
relationship between child adiposity and maternal HEI-2015 scores—how well the 
predictors explain the variability around BMI, triciep, and subscapular z-scores and 
WHtR. Prior to the multiple regression, chi-square tests (categorical variables), Pearson’s 
correlation analyses (continuous variables) and bivariate regression (to check whether a 
factor is significant) were conducted. 
Aim 3B: To use the most parsimonious regression model developed in Aim 1C to 
examine if the model holds at T1, one year after baseline. 
To analyze Aim 3B, multiple regressions were conducted to study how well 
baseline maternal HEI-2015 scores, controlling for maternal baseline characteristics, 
explains BMI, triceps, and subscapular z-scores and WHtR at T1, one year after baseline. 
Only participants with data at T0 and T1 were included in this analysis. 
 Aim 3C: To examine the level of agreement between measures of child adiposity 
and to examine which measure of child adiposity is most closely related to maternal diet 
quality. 
To analyze Aim 3C, correlations were calculated to quantify the agreement 
between the four measures of adiposity.  Correlations between each measure of adiposity 
and MDQ were also assessed. 
Missing Data 
FFQ Data 
 FFQs were checked for completeness prior to analysis.  Research technicians 
attempted to collect missing information from participants before the FFQs were sent for 
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analysis.  Since the team was required to return to the participants’ homes within one 
week to retrieve equipment, missing items were often captured then.  During analysis, 
FFQs were flagged with the following missing and error codes: M: omitted question, or 
marked in ink, or marked too lightly with pencil; these missing fields contributed no 
value to the nutrient analyses.  E: scanning error, mainly to indicate that 2 or more 
choices had been shaded for a question expecting only 1 valid response; these error fields 
also contributed no value to the nutrient file.  
The nutrient analysis files were labeled with the following error flags: number of 
items skipped; number of solid foods consumed per day; percent of foods marked as 
“small portion”; percent of foods marked as “large portion”; percent of foods marked as 
“extra-large portion”; percent of foods marked as “never or less than 1/month”; number 
of foods with “too high” frequency; number of food groups with “too high” total 
frequency; how many “warnings” were applied; how many “serious errors” were applied. 
The error levels were set such that only too many foods skipped produced a “serious 
error”.  Upon inspection of the analysis files, none had more than 2 “serious error” flags, 
therefore all records were retained.  Inspection of the energy intake revealed some values 
less than 600 calories consumed in a day while some reported greater than 7000 calories. 
All records were retained.  The researcher reasoned that since the primary exposure 
measure, HEI-2015 scores, which separates quantity from quality, retaining these 




Anthropometric and demographic data  
 Participants with missing data were excluded only from analyses which were 
impacted by them. 
Loss to follow-up  
 Participants with missing data at follow-up were excluded from further 
comparisons.  
 Table 3.2 presents a summary of the aims and the relevant statistics to be 
calculated to evaluate each aim along with the rationale for selecting each statistic. 
Table 3.2. Summary of Aims and Planned Analyses 
 
 
Table 3.2. Summary of Aims and Planned Analyses 
Aim Statistic Rationale 
  Compare EOA vs MDQ 
mothers 
Descriptive 
• %,  
• independent sample t-
tests; chai square tests 
Mix of categorical and 
interval variables 
1A Evaluate MDQ using 




• Mean, SD 
Mix of categorical and 
interval variables 
1B Evaluate 2-year changes 
in HEI-2015 Total scores  
• T1 – baseline 
• T2 - baseline 
 
Paired sample t-test 
To determine whether the 
mean difference between 
paired observations is 
statistically significantly 
different from zero 
1C Develop multiple 
regression models of 
relationships between 
MDQ and mom’s 
demographic 
characteristics. 
Chi-square Test for associations 
between categorical 
variables 
Pearson’s correlation Test for associations 
between continuous 
variables 
Bivariate regression To check whether a factor is 
significant 
Multiple regression To under relationships 





Table 3.2. Summary of Aims and Planned Analyses (cont.) 
Table 3.2. Summary of Aims and Planned Analyses (cont.) 
Aim Statistic Rationale 
  Compare EOA vs MDQ 
children 
%, independent sample t-
tests; chai square tests 
Mix of categorical and 
interval variables 
2A Evaluate prevalence of 
overweight/obesity using 
BMI z-score, skinfold 
thicknesses and WHtR. 
%, Mean, SD Mix of categorical and 
interval variables 
2B Evaluate 2-year changes 
in overweight/obesity 
T1 - baseline 
T2 - baseline 
 
paired sample t-test 
To determine whether the 
mean difference between 
paired observations is 
statistically significantly 
different from zero 
2C Characterize relationships 
between adiposity status 
and child’s demographic 
characteristics. 
Chi-square Test for associations 
between categorical 
variables 
Pearson’s correlation Test for associations 
between continuous 
variables 
Bivariate regression To check whether a factor is 
significant 
Multiple regression To under relationships 
between adiposity and 
significant factors 
3A Assess relationships 
between measures of child 
adiposity (BMI, skinfold 
thickness, WHtR) and 
mother and child 
characteristics and 
behaviors at baseline 
Chi-square Test for associations 
between categorical 
variables 
Pearson’s correlation Test for associations 
between continuous 
variables 
Bivariate regression To check whether a factor is 
significant 
Multiple regression To under relationships 
between MDQ and 
adiposity, controlling for 
significant factors 
3B Predict measures of child 
adiposity (BMI, skinfold 
thickness, WHtR) at T1.  
Multiple regression To under relationships 
between MDQ and 
adiposity, controlling for 
significant factors 
3C Relationship between each 




To test the strength of the 
relationship of each outcome 
and the predictor 
  Correlation To test agreement across the 




Chapter IV – RESULTS 
Introduction 
This chapter presents the main results from the MDQ study of relationships 
between maternal diet quality and child body size.  The main exposure assessed was 
maternal diet quality, measured by HEI-2015 Total Score.  The main outcome was child 
body size, measured by child’s BMI z-score and percentile, child’s Waist to Height ratio 
(WHtR), and child’s triceps and subscapular skinfold thicknesses.  Analyses and results 
pertaining to the three main and sub-research questions are presented.  
Study Flow 
Figure 3.2 (See Methods section) shows the flow of participants for the current 
investigation.  Data from 380 MDQ participants with complete data at baseline (mothers’ 
FFQ data and child’s BMI, triceps and subscapular skin fold scores, and WHtR) were 
included in the study.  Among the 380 MDQ participants at baseline, 167 mothers and 
235 children had data available at T1 (one year post-baseline); 73 mothers and 110 




Table 4.1 presents the characteristics of mothers who participated in the EOA 
Study (the Parent Study) compared to those in the MDQ Study.  Chi-square test of 
independence revealed baseline differences between groups across, ethnicity, X2 (4, 
N=907) =24.549, p<.001; place of birth, X2 (1, N = 924) = 18.615, p <.001; employment 
outside of home, X2 (1, N=922) = 4.506, p=.034; language preference at home X2 (1, N = 
915) = 17.130, p <.001; and with friends X2 (1, N = 903) = 19.425, p <.001.  Post hoc 
analyses revealed that mothers were more likely to be in the MDQ study if they were of 
Mexican ethnicity, p<.001; born outside of the continental US, p<.001; Spoke Spanish at 
home, or with friends.  They were less likely to be in the MDQ study if they were African 
American, p=.003. After Bonferonni adjustment, post hoc analysis showed no difference 
between groups based on employment status. 
Aim related results 
Aim 1   
 To evaluate the maternal diet quality of a sample of primarily Hispanic mothers of 
children attending NYC Head Start, as well as maternal factors associated with maternal 
diet quality. 
 Aim 1A: To evaluate diet quality using HEI-2015 total and component scores 
 Hypothesis 1A: The mean HEI-2015 total score at baseline will be below 60 or a 
grade F, consistent with HEI-2015 scores applied to NHANES 2011-2012 data for 
women in the U.S. HEI-2015 component scores will fall below maximum scores, 
especially for fruits and vegetables and whole grains and all moderation components. 
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Table 4.1. Comparison of MDQ Study Participants To EOA Study Participants Table 4.1. Comparison of MDQ Study Participants to EOA Study Participants 
  EOA N=545   
MDQ 
N=380   
Total 
N=925   
P-
value+ 
Continuous Variables Mean SD   Mean SD   Mean SD     
Age of Mother 30 6.1   30.6 6.3   30.3 6.2   0.120 
                      
Categorical Variables N %   N %   N %     
Race/Ethnicity†                   <.001* 
African American 102a 19.3   45b 11.9   147 16.2   
 Mexican 130a 24.6   134b 35.4   264 29.1   
 Puerto Rican 79a 15.0   40a 10.6   119 13.1     
Dominican 97a 18.4   90a 23.7   187 20.6   
 Other/Mixed 120a 22.7   70a 18.5   190 20.9     
 
Mother’s place of birth                   <.001* 
Continental US 177a 32.4   74b 19.6   251 27.2     
Elsewhere 369a 67.6   304b 80.4   673 72.8     
 
Mother’s Education                   0.714 
No HS diploma 251 45.9   179 47.1   430 46.4     
HS diploma & beyond 296 54.1   201 52.9   497 53.6     
 
Employed outside home                   .034* 
No 375a 69.1   286b 75.5   661 71.7     
Yes 168a 30.9   93b 24.5   261 28.3     
 
Mother’s marital status                   0.125 
Married or Cohabiting 207 38.3   147 38.7   354 38.5     
Cohabiting 164 30.4  135 35.5  299 32.5   
Single 169 31.3   98 25.8   267 29.0     
 
Home language preference                   <.001* 
English & English Mix 259a 48.1   129b 34.3   388 42.4     
Spanish & Other 280a 51.9   247b 65.7    527 57.6     
  EOA N=545   
MDQ 
N=380   
Total 
N=925   
P-
value+ 
Categorical Variables N %   N %   N %     
 
Work language preference                   0.128 
English & English mix 186 72.4   87 64.9   273 69.8     
Spanish & Other 71 27.6   47 35.1   118 30.2     
 
Language pref. with friends                   <.001* 
English & English Mix 267a 50.3   132b 35.5   399 44.2     
Spanish & Other 264a 49.7   240b 64.5    504 55.8     
Results are based on two-sided tests. Tests are adjusted for all pairwise comparisons using 
the Bonferroni correction. 
* P<.05.  
+Post hoc comparisons: means or percentages in a row without a common superscript letter 
differ (P<0.05). Means or percentages in a row with a common superscript letter do not 
differ. 



































































































































































































































































































































































































































































































































































































































































































































































































Table 4.2 presents the mean, median and range of HEI-2015 scores. Mean HEI-
2015 Total score for the sample was 64.3 or a grade D.  For the nine adequacy 
components, MDQ participants had mean scores that were close to the maximum (i.e., 
close to the 2015 USDA dietary recommendations) for total fruit, total protein foods, and 
seafood and plant proteins.  However, mean scores for the other adequacy component, 
total vegetables, greens and beans, whole fruit, whole grains, dairy, and fatty acids were 
less optimal.  In particular, the mean score for whole grains was only 1.9 of a possible 10 
suggesting there was much room for improvement in meeting dietary guidelines for 
whole grains.  For the four moderation components, mean scores were close to the 
maximum points (i.e., close to the 2015 USDA dietary recommendations) only for 
sodium (8.2 out of a possible 10 points).  However, for the three other moderation 
components of added sugar, refined grains and saturated fats, mean scores were less 
optimal.  
MDQ HEI-2015 total scores were higher than NHANES HEI-2015 with MDQ 
participants having an overall grade of “D” versus NHANES participants (female, 20+ 
years, all race/ethnicities) having an overall grade of “F”.  In particular, MDQ 
participants scored better for the subcomponents related to greens and beans, total fruit, 
seafood and plant protein, sodium, saturated fats, and added sugars.  
Overall, none of the MDQ study participants had a grade “A” on the HEI-2015 
total score and only 3.7% scored a “B”.  Overall HEI-2015 grades were primarily a “C” 




















































































































































































































































































































































































































































































































































































































































































































































































Table 4.3 presents a breakdown of HEI-2015 total scores and subgroups by 
race/ethnicity.  Mexicans had the lowest HEI-2015 total scores of all the groups (mean 
(SD): 60.2 (6.5)), although not significantly lower than Puerto Ricans.  Dominicans had 
the highest HEI-2015 total scores (Mean (SD): 69.8 (8.6)) which were significantly 
higher than the other groups.  For the subcomponents, Dominicans had highest HEI-2015 
scores for Total vegetables, Greens and Beans, Total fruits, Seafood and Plant Proteins, 
and Refined grains compared to Mexicans.  On average, Mexicans had lower HEI-2015 
scores for refined grains compare to all other groups.  All groups were similar in 
consumption of Whole Fruit, Dairy, Total Protein, Sodium, and Saturated Fats. 
Table 4.4 presents a breakdown of mothers’ characteristic by baseline HEI-2015 
total scores and grade.  Post hoc comparisons using the Bonferroni adjustments were 
performed to explore differences.  MDQ study participants differed across HEI grade 
levels by age [F(3, 376) = 4.371, p = 0.005].  Mothers scoring an F were more likely to 
be younger (mean age 29.2 ±6.1years) compared to those scoring a C (mean age 32.2 
years±6.8).  MDQ study participants differed across HEI grade levels by weight loss 
attempt [F(3, 372)=3.598, p=0.014].  Mothers scoring an F were more likely to have 
fewer weight loss attempts (mean attempts = 1.5±1.2) compared to mothers scoring a C 
(mean attempts = 2.0±1.4).  MDQ study participants differed across HEI grade level by 
educational attainment X2 (3, N =380) = 26.77, p <.001.  Mothers with less than a high 
school diploma were more likely to score a lower grade (D vs. C, and F vs. B or C). 
Mothers with high school diploma and beyond were more likely to score a higher grade 




































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































levels by country of birth X2 (12, N =378) = 77.18, p <.001.  Mothers born in Mexico 
were more likely to score a lower grade (D vs. C) and (F vs. B, C or D).  Mothers born in 
the Dominican Republic were more likely to score a higher grade (B vs. F) and (C vs. D 
or F).  Mothers who were born elsewhere were more likely to score a mid-range grade (C 
vs. F).  There were no significant differences in Total HEI-2015 scores based on 
employment status, marital status, or language spoken at home, work, or with friends.  
 Aim 1B: To evaluate two-year changes in maternal diet quality of a sample of 
primarily Hispanic mothers of children attending NYC Head Start.  Changes from 
baseline (T0) to follow-up 1, T1 (one year after baseline) were evaluated.  Changes from 
baseline to follow-up 2, T2 (two years after baseline) will also be assessed. 
 Hypothesis 1B: Diet quality will track over time and not be significantly different 
at follow-up 1, T1, (one year after baseline) compared to baseline, nor at follow-up 2, T2, 
(two-years after baseline) compared to baseline. 
Table 4.5 presents the distribution of Mean HEI-2015 total scores and HEI-2015 
component scores over time.  HEI-2015 total scores did not change significantly from 
baseline, T0 to T1, 1 year later, (p=.17) nor from baseline, T0 and T2, 2 years later, 
(p=.13).  HEI-2015 component scores changed over time in only a few categories.  Mean 
whole fruit scores improved by 0.034 points between T0 and T1, 1 year later, t(166) = 
2.141, p =.034. Mean whole fruit scores improved by 0.79 points at T2, two years after 
baseline, t(72) = 4.226, p < .001.  Mean consumption of greens and beans decreased by 
0.044 points between T0 and T2, t(72) = -1.936, p =014. Between T0 and T2, mean 

















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 Aim 1C: To develop multiple regression models of relationships between 
maternal diet quality and mother’s demographic characteristics (age, ethnicity, education, 
place of birth, marital status, employment status, language preference at home, work and 
with friends, weight loss/diet attempts) at baseline.  
 Hypotheses 1C:  
• Age will be positively associated with diet quality 
• Hispanic mothers will have better diet quality than other mothers 
• Mothers with more education will have better diet quality than less 
educated mothers 
• Mothers born outside the US will have better diet quality than US-born 
mothers 
• Single mothers will have poorer diet quality than married or cohabiting 
mothers 
• Mothers who do not work outside the home will have better diet quality 
compared to mothers who work outside the home. 
• Mothers who prefer Spanish at home, at work and with friends will have 
better diet quality compared to mothers who prefer English. 
• Mothers who have attempted weight loss/dieting will have poorer diet 
quality than mothers who have not attempted weight loss/dieting 
 Variable selection: Potential covariates were derived from the literature.  The list 
of candidate covariates of maternal HEI-2015 total score included age of mother, weight 
loss attempts, country of birth, ethnicity, employment status, marital status, language at 
home, and language with friends.  Chi-square tests of association were used to measure 
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the strength and direction of linear relationships between pairs of categorical variables, 
while Pearson’s correlations were used to measure associations among continuous 
variables.  Results revealed that Language preference at home had a very strong 
association with Language preference with friends (Cramer’s Phi=.938).  Ethnicity had a 
strong relationship with Country of origin, and both measures of language preference 
(Cramer’s Phi ranged from 0.624-0.795).  As such, these variables were flagged for 
exclusion from the model to avoid collinearity.  Marital status was only moderately 
associated the other variables.  
The bivariate Pearson Correlation was used to measures the strength and direction 
of linear relationships between pairs of continuous variable.  Results showed a small but 
significant correlation between mother’s age and number of weight loss attempts, r=.146, 
p=.005.  
 Results from bivariate regressions between each covariate and the outcome, HEI-
2015 total score, showed significance for weight loss/diet attempt (β = .976, p<.01); age 
(β = .25, p<.01); education less than HS diploma (β = -4.05, p<.001); marital status--
Married (β = 2.206, p=.016); Mexican ethnicity (β = -6.344, p<.001); and Dominican 
ethnicity (β = 7.163, p<.001).  Thus, increases in the number of weight loss/diet attempts 
and age and being married and being Dominican were associated with higher HEI total 
scores.  Having less education and being Mexican were associated with lower HEI total 
scores.  Language preference at home, work or with friends were not associated with 
HEI-2015 total score in bivariate regressions.  The significant covariates were entered 
into the model.  
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 Aim 1C Regression Results.  A multiple regression was conducted to determine 
the proportion of the variation in HEI-2015 total score explained by, age, weight loss 
attempt, education, marital status, and race/ethnicity.  There was linearity as assessed by 
partial regression plots and a plot of studentized residuals against the predicted 
values.  There was independence of residuals, as assessed by a Durbin-Watson statistic of 
2.287.  There was homoscedasticity, as assessed by visual inspection of a plot of 
studentized residuals versus unstandardized predicted values.  There was no evidence of 
multicollinearity as assessed by tolerance values greater than 0.1.  There was one 
studentized deleted residual greater than ±3 standard deviations, however, since no data 
entry or other discernable errors were detected, it was decided to retain this data point in 
the dataset.  There were no leverage values greater than 0.2, and values for Cook’s 
distance above 1.  The assumption of normality was met, as assessed by a Q-Q Plot.  
R2 for the overall model was 20.5% with an adjusted R2 of 18.5%, F(4, 3366) = 
10.459, p < .001.  Being married or cohabiting, as well as being of Dominican ethnicity, 
were significantly and positively associated with HEI-2015 scores.  Being Mexican 
ethnicity was significantly and negatively associated with HEI-2015 scores.  More 
specifically, mothers who were married (compare to single mothers) had 3.203 greater 
points on the HEI-2015 total score compared to single mothers.  Mothers who were 
cohabiting (compared to single mothers) had 2.691 greater points on the HEI-2015 total 
score.  Dominican mothers (compared to African American mothers and mothers of 
Other ethnicities) had 4.593 greater points on the HEI-2015 total score.  And Mexican 
mothers (compared to African American mothers and mothers of Other ethnicities) had 
4.25 fewer points on the HEI-2015 total score.  Age, weight loss attempt, education, and 
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being Puerto Rican or Other Race/ethnicity were not significantly associated with HEI-
2015 scores once the other factors were in the model.  Regression coefficients and 
standard errors can be found in Table 4.6. 
 
Summary of Aim 1: Overall, diet quality, as measured by the HEI-2015, was low 
in this sample (overall grade of ‘D’) with no participants receiving a grade of ‘A’ and 
only 3.7% receiving a grade of ‘B.’ HEI-2015 scores for total fruit, total protein, seafood 
and plant proteins, and sodium were closest to meeting current dietary recommendations.  
HEI-scores for total vegetables, greens and beans, whole fruit, whole grains, dairy, 
healthy fats, added sugar, refined grains, and saturated fats were furthest from meeting 
current dietary recommendations.   
In general, diet quality was fairly stable over a two-year period with very few 
specific diet quality components varying significantly over time.  More specifically, 
whole fruit and sodium slightly improved over time; greens and beans slightly declined 
over time.  These changes were very modest and amounted to less than ¾ of one point.  
Table 4.6. Summary of Multiple Regression Analysis--HEI-2015 Total Score  
 
Variable Coefficients Std. Error P-value Adj. R2 SEE 
(Constant) 59.989 2.402 <.001     
Age of Mother 0.078 0.068 0.252     
Weight loss attempts 0.42 0.343 0.221     
Education Less than HS diploma -1.212 0.905 0.181     
Mother married 3.203 1.054 0.003*     
Mother cohabiting 2.691 1.105 0.015*     
Mexican -4.24 1.046 <.001*     
Dominican 4.593 1.067 <.001*     
Model Fit      <.001*  18.9 7.872 
Dependent Variable: HEI-2015 Total Score 
    SEE—Standard Error of the Estimate 
*P<0.05  
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A model including age, weight loss attempts, education, marital status and 
race/ethnicity explained 18.9% of the variance in diet quality.  Mothers who were 
married or cohabiting (compare to single mothers) and mothers who were Dominican 
(compared to African American mothers and mothers of Other ethnicities) had 
significantly higher HEI-2015 total scores in the model.  Mexican mothers (compared to 
African American mothers and mothers of Other ethnicities) had significantly lower HEI-
2015 total scores in the model.  These demographic characteristics were both significant 
and meaningful.  Being Dominican was associated with a 4.6 point increase and being 
married/cohabitating was associated with a ~3.0 point increase in HEI-2015 scores.  
Being Mexican was associated with a 4.3 point decrease in HEI-2015 scores.  Age, 
education and weight loss attempts were not significant in the regression model. 
Aim 2 
 To evaluate the prevalence of overweight/obesity in a sample of primarily 
Hispanic children attending NYC Head Start and factors associated with 
overweight/obesity.  
Comparisons were done to evaluate whether there were systematic differences 
between children who were included in the MDQ study compared to those in the parent 
EOA study who were not included.  Table 4.7 presents the characteristics of children by 
study.  Compared to children in the EOA study, children in the MDQ study were more 
likely to be of Mexican ethnicity, younger, spend less time playing computer games and 
less time playing outdoors. 
 Aim 2A: To evaluate the prevalence of overweight/obesity using BMI z-score, 




Table 4.7. Baseline Characteristics of Children in EOA Study vs MDQ Study 
 
  EOA   MDQ   Total   P-value+ 
Continuous Variables Mean SD   Mean SD   Mean SD     
Child’s Age (months) 49 7.0   47.6 6.5   48.4 6.8   
 
0.002* 
                      
Months Breastfed 7.6 6.6   8.5 7.3   8 6.9   0.122 
                      
Meals Eaten Watching 
TV/day 1.4 1.2   1.5 1.3   1.4 1.3   0.354 
                      
Hours Child Watches 
TV/day 2.7 1.5   2.8 1.4   2.8 1.5   0.525 
                      
Hour Playing Computer 
Games/day 0.5 1   0.4 0.8   0.4 0.9   
 
.013* 
                      
Hours Playing 
Outdoors/day 1.6 1.4   1.4 1.3   1.5 1.4   
.014* 
                      
Hours Playing Indoor 
Gym/day 1.1 1.4   0.9 1.3   1 1.3   0.063 
                      
Categorical Variables N %   N %   N %     
Child’s Gender                   0.935 
Boy 272 49.7   190 50   462 49.8     
Girl 275 50.3   190 50   465 50.2     
                      
Child’s Race/Ethnicity                   <.001* 
African 
American 102a 19.3   45b 11.9   147 16.2   
 Mexican 130a 24.6   134b 35.4   264 29.1   
 Puerto Rican 79 a 15   40a 10.6   119 13.1     
Dominican 97a 18.4   90a 23.7   187 20.6   
 Other/Mixed 120a 22.7   70a 18.5   190 20.9     
                      
Child’s country of birth                   .019* 
Continental US 514a 94.1   342a 90   856 92.4     
Elsewhere 32a 5.9   38a 10   70 7.6     
Results are based on two-sided tests. Tests are adjusted for all pairwise comparisons using 
the Bonferroni correction. 
* The Chi-square statistic (categorical variables) and t statistic (continuous variables) 
significant at the .05 level. 
 +Post hoc comparisons: means or percentages in a row without a common superscript letter 




 Hypotheses 2A: 
• The mean BMI z-score for this sample of primarily Hispanic children will 
be at or above 1.036 which corresponds to a BMI percentile at or above 
the 85th percentile for age and sex., above NHANES 2003-2006 average 
for 4 year old boys and girls in the U.S. 
• The mean WHtR for this sample of Hispanic children will be above 0.5 or 
50%, consistent with NHANES 2003-2006 average for 4 year old boys and 
girls in the U.S.. 
• The mean skinfold measurements will be at or above 1.036 which 
corresponds to at or above the 85th percentile for age and sex, above 
NHANES 2003-2006 average for 4 year old boys and girls in the U.S. 
Table 4.8 presents the baseline distribution of children’s outcome measures.  
Mean BMI for the sample was at the 71st percentile for age and sex or normal or 
underweight.  Fifty-six percent of children had BMIs less than 85th percentile (note: 
Underweight or BMI at the 5th percentile was not reported separately because only 15 
children met this criterion).  Forty-four percent of children were classified as overweight 
or obese and at risk for disease later in life.  More specifically, twenty-one percent of 
children were classified as overweight, having BMIs between 85th and 95th percentile for 
age and sex.  Twenty-three percent of children were classified as obese, having BMIs 
above the 95th percentile for age and sex.  The distribution of BMI z-scores was wide, 
ranging from 5 standard deviations below the mean to 4 standard deviations above the 




the NHANES sample.  A higher proportion of MDQ children compared to NHANES 
children were classified as overweight or obese. 
Mean WHtR was 0.53.  Seventy-five percent of children had a WHtR greater than 
0.5, identifying an even greater proportion of the cohort at risk for later disease.  Mean 
triceps skinfold thickness (SFT) was at the 49th percentile and mean subscapular SFT was 
at the 52nd percentile for age and sex.  SFT percentile did not align with BMI percentile 
nor was such an alignment expected.  Receiver operating characteristics (ROC) analyses 
are used to determine the appropriate cut points demarcating obesity and are beyond the 
scope of this dissertation.  Triceps and subscapular SFT had similar distributions, tightly 
clinging to the mean.  Triceps SFT z-scores ranged from -0.25 to 0.29; and subscapular 
SFT z-scores ranged from -0.13 to 0.28.  Comparisons of means and proportions of 
outcome measures by sex did not reveal any differences across groups.  The MDQ 
sample differed from NHANES data in this regard, boys and girls in the NHANES 
sample had different SFT distributions.  MDQ participants had higher triceps SFT 
compared to NHANES boys but not girls and higher subscapular SFT than both boys and 
girls in NHANES.  WHtR scores were comparable to NHANES girls and slightly higher 
than NHANES boys. 
Table 4.9 presents the distribution of children outcome measures by 
race/ethnicity.  Post hoc comparisons using the Bonferroni adjustments were used to 
investigate differences.  Children did not differ on measures of BMI, or triceps and 
subscapular SFTs by racial/ethnic categories.  Children differed on WHtR by 
racial/ethnic categories, X2 (10, N=379) =11.014, p=.003.  Children of Mexican descent 
had higher WHtR compared to African American children.  A greater proportion of 
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Mexican children had a WHtR greater than or equal to 0.5 compared to children 
identified as Other ethnicity.  A greater proportion of children identified as Other 




Mexican children had a WHtR greater than or equal to 0.5 compared to children 
identified as Ot er ethnicity.  A greater proporti n of children identifi as Othe  




Mexican children had a WHtR greater than or equal to 0.5 compared to children 
id ntified as Other ethnicity.  A greater proportion f children identified as Oth r 























































































































































































































   








































   






































   


























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 Aim 2B: To evaluate two-year changes in overweight/obesity in a sample of 
primarily Hispanic children attending NYC Head Start.  Changes from baseline (T0) to 
follow-up 1, T1 (one year after baseline) were evaluated.  Changes from baseline to 
follow-up 2, T2 (two years after baseline) were assessed. 
 Hypothesis 2B: BMI z-score, WHtR, and triceps and subscapular z-scores will be 
higher at T1 and at T2 than at baseline. 
 Table 4.10 presents changes in overweight/obesity prevalence over 2 years.  Mean 
BMI percentile increased by 2.05 points from baseline to T1, one year later, 
t(234)=1.959, p=.051, and from baseline to T2, two years later, by 5.73 points, 
t(109)=2.962, p=004.  This increase appears to be attributed to changes within the obesity 
category, although based on small numbers of children.  Mean WHtR decreased from 
baseline to T1, by -.01 points, t(234)= -3.711, p<.001, and from baseline to T2, by -0.01 
points, t(109)=-1.595, p<.114.  Mean triceps SFT percentile increased from baseline to 
T1, by 1.74 points, t(234)=7.847, p<.001, and from baseline to T2, two year later by 2.71 
points, t(108)=6.846, p<.001.  Mean subscapular SFT percentile increased from baseline 
to T1, by 0.57 points, t(232)=2.863, p=.005 and from baseline to T2, two year later by 
1.54 points, t(5.564), p<.001.  Taken together, these data show an increase or a stable 
trend in markers of adiposity, similar to national trends. 
  Aim 2C:  To develop multiple regression models of the relationship between 
overweight/obesity status and children’s characteristics (sex, physical activity, sedentary 






































































































































































































   






















































   











































   




















































































































































































































































































































































































































































































































































































































































































 Hypotheses 2C:  
• Girls will have more overweight/obesity than boys. 
• Physical activity will be inversely associated with overweight/obesity. 
• Sedentary behavior will be positively associated with overweight/obesity. 
• The number of meals eaten while watching TV will be positively 
associated with overweight/obesity. 
 Variable selection: Candidate predictors, derived from the literature, included 
gender, age of child, country of birth, race/ethnicity, meals eaten while watching TV, 
months breastfed, hours spent watching TV, hours spent playing computer games, hours 
spent playing outdoors, and hours spent playing in an indoor gym.  Chi-square tests of 
Independence were used to measure the strength and direction of linear relationships 
between pairs of categorical variables.  We found that country of birth was associated 
with race/ethnicity X2 (5, N = 380) = 12.096, p < .033.  This association was weak, as 
measured by Cramer’s V=.178. 
 The bivariate Pearson Correlation was used to measure the strength and direction 
of linear relationships between pairs of continuous variable.  Results showed significant 
correlations between Months breastfed and Child’s age, r(291)=.120, p<.05; Hours 
watching TV and Hours playing computer games, r(371)=.157, p<.001; Hours playing 
computer games and Hours playing outdoors, r(370)=.184, p<.001; Hours playing 
outdoors and Hours playing indoors, 4(368)=.302, p<.001; Meals eaten watching TV and 





 Results from bivariate regressions between each predictor and the outcome, BMI 
z-score showed significance for Country of birth (β = .473, p=.032). Since only a 
categorical variable predicted BMI z-score, these results suggested that a regression 
model was not appropriate for the data.  An Independent Samples Test to compare groups 
based on country of birth was pursued. 
 Independent Samples T-test Results—BMIz.  There were 341 children born in the 
Continental US and 38 born elsewhere.  An independent-samples t-test was run to 
determine if there were differences in BMI z-score between children born in the 
Continental US vs elsewhere.  There were outliers in the data, as assessed by inspection 
of a boxplot.  However, since no data entry or other discernable errors were detected, it 
was decided to retain these data points in the dataset.  BMI z-scores for each level of 
country of birth were normally distributed, as assessed by Kolmogorov-Smirnov test (p > 
.05), and there was homogeneity of variances, as assessed by Levene’s test for equality of 
variances (p = .080).  Mean BMI z-score was higher in the Continental US-born group 
(.88 ± 1.23) than children born elsewhere (.41 ± 1.67), a statistically significant 
difference of 0.47 (95% CI, .04 to 0.90), t(377) = 2.155, p = .032, d=1.13. Figure 4.1 
below displays the bar graph of the results. 
 Results from bivariate regressions between each predictor and the outcome, 
Triceps z-score showed significance for Race/ethnicity—Other non-Hispanic (β = -.062, 
p=.042).  Since only a categorical variable predicted Triceps z-score, these results suggest 
that a regression model was not appropriate for the data.  A One-way ANOVA to 





Figure 4.1. Mean BMI z-score by Child’s Country of Birth 
 One-way ANOVA Results —Triceps z-score.  A one-way ANOVA was 
conducted to determine if the Triceps z-score differed by racial/ethnic groups. 
Participants were classified into six groups: African American (n = 45), Mexican (n = 
134), Puerto Rican (n = 41), Dominican (n=90), Mixed Hispanic (n=61) and Other 
ethnicity (n = 9).  There were outliers, as assessed by boxplot. However, since no data 
entry or other discernable errors were detected, it was decided to retain these data points 
in the dataset.  Data were normally distributed for four of the groups, as assessed by  
Figure 4.1. Mean BMI z-score by Child’s Country of Birth 
 
Shapiro-Wilk test (p > .05). Two groups, Puerto Ricans and Dominican appeared to be 
non-normally distributed.  No remedial steps were taken as the ANOVA test is fairly 
robust with regards to violations of normality.  There was homogeneity of variances, as 
assessed by Levene’s test of homogeneity of variances (p = .398).  Data is presented as 
mean ± standard deviation.  Mean Triceps z-score was highest for Mexicans (.006 ± 
0.089), followed by Mixed Hispanic (-.005 ± 0.083), then by Dominican (-.005± 0.099, 
then by African American (-.013 ± .069), then by Puerto Rican (-.020 ± 0.088), and 
finally Other (-.056 ± .092), in that order, but the differences between these racial/ethnic 
groups were not statistically significant, F(5, 374) = 1.314, p = .257. Figure 4.2 below 




Figure 4.2. Mean Triceps z-score by Child’s Race/Ethnicity 
 
Results from bivariate regressions between each predictor and the outcome, 
Subscapular z-score showed significance for Age (β = .001, p=.033) and 
Race/ethnicity—African American (β = -.029, p=.050). 
 Regression Results—Subscapular z-score.  A multiple regression was run to 
determine the proportion of the variation in Subscapular z-score explained by Child’s age 
and Race/ethnicity—African American—identified as significant from the Bivariate 
regressions.  There was linearity as assessed by partial regression plots and a plot of 
studentized residuals against the predicted values.  There was independence of residuals, 
as assessed by a Durbin-Watson statistic of 1.747.  There was homoscedasticity, as 
assessed by visual inspection of a plot of studentized residuals versus unstandardized 
predicted values.  There were no studentized deleted residuals greater than ±3 standard 
deviations.  There were no leverage values greater than 0.2, and values for Cook’s 
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distance above 1.  The assumption of normality was met, as assessed by a Q-Q Plot. The 
overall model was significant.  R2 for the overall model was 2.0% with an adjusted R2 of 
1.5%, F(2, 375) = 3.878, p = .022. Child’s age was a significant predictor of Subscapular 
z-score while Ethnicity was not.  Regression coefficients and standard errors can be 
found in Table 4.11 below. 
Results from bivariate regressions between each predictor and the outcome, 
WHtR showed significance for Age (β = -.002, p<.001); Meals eaten while watching TV 
(β = -.004, p=.047); Race/ethnicity—Mexican (β =.021, p<.001); African American (β =-
.025, p=.002). These significant variables were entered into the model. 
 Regression Results—WHtR.  A multiple regression was run to determine the 
proportion of the variation in WHtR explained by Race/ethnicity—Mexican and African 
American, Child’s age, and Meals eaten while watching TV—identified as significant 
from the Bivariate regressions.  There was linearity as assessed by partial regression plots 
and a plot of studentized residuals against the predicted values.  There was independence 
of residuals, as assessed by a Durbin-Watson statistic of .820.  There was no evidence of 
multicollinearity, as assessed by tolerance values greater than 0.1.  There was 
homoscedasticity, as assessed by visual inspection of a plot of studentized residuals 
Table 4.11. Regression Coefficients for Estimating Subscapular z-score 
Variable Coefficients Std. Error P-value Adj. R2 SEE 
(Constant) -0.014 0.032 0.672     
African American -0.024 0.013 0.078     
Your Child’s Age In Months 0.001 0.001 0.03*     
Model Fit      .022* 1.5 .085 
Dependent Variable: Subscapular z-score T0 





versus unstandardized predicted values.  There were four studentized deleted residuals 
greater than ±3 standard deviations, however, since no data entry or other discernable 
errors were detected, it was decided to retain these data points in the dataset.  There were 
no leverage values greater than 0.2, and values for Cook’s distance above 1.  The 
assumption of normality was met, as assessed by a Q-Q Plot. R2 for the overall model 
was 12.6% with an adjusted R2 of 11.7%, F(4, 372) = 13.468, p < .001.  The following 
variables were no longer significant in the regression model: meals eaten watching TV. 
Regression coefficients and standard errors can be found in Table 4.12 below. 
 Summary of Aim 2:  Overall, adiposity profiles for children in the sample were 
poor, but in line with national data.  Mean BMI was at the 71st percentile for age and sex; 
national mean falls somewhere below the 75th percentile.  Although the majority (56%) 
of the children were classified as normal or underweight (BMI <85th percentile), 21% 
were classified as overweight (BMI between 85th and 95th percentile) and 23% were 
classified as obese (BMI above the 95th percentile).  Mean Triceps z-score translated to 
the 49th percentile while the mean for Subscapular translated to the 52nd percentile.  These 
averages are comparable to NHANES children of the same age and sex.  Mean WHtR  
 
Table 4.12. Regression coefficients for estimating WHtR 
Variable	 Coefficients	 Std.	Error	 P-value	 Adj.	R2	 SEE	
(Constant)	 0.62	 0.018	 <.001	 		 		
African	American	 -0.019	 0.008	 0.015*	 		 		
Mexican	 0.016	 0.005	 0.003*	 		 		
Your	Child’s	Age	In	Months	 -0.002	 0	 <.001*	 		 		
Meals	Eaten	Watching	TV	 -0.004	 0.002	 0.061	 		 		
Model	Fit	 		 		 <.001*	 11.7	 0.047	
Dependent	Variable:	WHtR	T0--Waist/Height	Ratio	





was 0.5, slightly less than the national average of 52.3 for boys and 52.6 for girls. 
Twenty-five percent of children had a WHtR less than 0.5; 75% had WHtR > to 0.5.  
There were no changes over the two-year period for WHtR.  Small but significant 
decreases in mean BMI z-score were observed from T0 to T2, but the decrease was not 
significant from T0 to T1.  Small increases were observed in both Triceps and 
Subscapular z-scores.  However, these changes were very small and likely not clinically 
meaningful.  There were changes in BMI classification leading to a 6% increase in 
obesity from T0 to T1, and 10% increase from T0 to T2, yet the BMI z scores decreased. 
This seemingly large swing in obesity prevalence is driven by small samples of children 
—15 from T0 to T1 and 11 from T1 to T2.  The BMI z-score did not change so 
drastically, because it is not influenced by such small numbers and dependent on many 
factors, including changes in the mean. 
Very few child characteristics were associated with outcome measures.  Only age 
significantly predicted Subscapular z-score, as well as WHtR.  Every 1-month increase in 
age was associated with a .001unit increase in Subscapular z-score. And every 1-month 
increase in age was associated with a 0.002 unit decrease in WhtR. 
Aim 3  
 To evaluate maternal diet quality as a predictor of child overweight/obesity, 
taking into account mother and child characteristics and behaviors. 
 Aim 3A.  To develop multiple regression models of relationships between 
maternal diet quality and child overweight/obesity, taking into account mother and child 
characteristics and behaviors at baseline and identified as significant in Aims 1 and 2. 
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 Hypothesis 3A: Taking into account mother’s age, child’s sex, child’s physical 
activity level, child’s screen behavior, race/ethnicity, mother’s place of birth, education, 
employment status, and maternal diet quality will be inversely associated with child’s 
BMI z-score, triceps and subscapular z-scores and WHtR at baseline (T0). 
To analyze Aim 3A, multiple regression models were developed to explain the 
relationship between child adiposity and maternal HEI-2015 scores—how well the 
predictors explain the variability around BMI, Triceps, and subscapular z-scores and 
WHtR.  Prior to the multiple regression, chi-square tests (categorical variables), 
Pearson’s correlation analyses (continuous variables) and bivariate regression (to check 
whether a factor is significant) were conducted. 
 Regression Results—BMIz.   A multiple regression was run to determine the 
proportion of the variation in BMI z-score explained by HEI-2015 Total Score, and 
mother’s age, weight loss attempts, education less than high school, marital status—
married and cohabiting, ethnicity—Mexican and Dominican and child born in continental 
US.  This overall model was not significant.  The backward elimination procedure was 
used to improve the model.  In the backward elimination, the least significant variable 
(largest p-value and contributing the least to the regression equation) is removed one at a 
time and the model refitted until a stopping criteria (p=.05) is reached.  HEI-2015 total 
score was retained because it was the variable of primary interest.  The final model 
included: HEI-2015 Total Score, weight loss attempts, ethnicity—Mexican and 
Dominican, child’s country of birth—Continental US.  There was linearity as assessed by 
partial regression plots and a plot of studentized residuals against the predicted values. 
There was independence of residuals, as assessed by a Durbin-Watson statistic of 2.053. 
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There was homoscedasticity as assessed by visual inspection of a plot of studentized 
residuals versus unstandardized predicted values.  There were three studentized deleted 
residuals greater than ±3 standard deviations, however, since no data entry or other 
discernable errors were detected, it was decided to retain these data points in the dataset. 
There were no leverage values greater than 0.2, and values for Cook’s distance above 1. 
The assumption of normality was met, as assessed by a Q-Q Plot. R2 for the overall 
model was 3.3% with an adjusted R2 of 2.0%, F(5, 370) = 2.527, p = .029. Regression 
coefficients and standard errors can be found in Table 4.13 below. 
The overall model was significant.  HEI-2015 Total Score did not significantly 
predict child’s BMI z-score, nor did being Mexican or Dominican.  Weight loss attempts 
and child being born in the continental US significantly predicted BMI z-score.  In other 
words, greater weight loss attempts and having a child born in the US (vs. outside the 
US) were significantly associated with greater BMI z-scores, but not mother’s diet 
quality or being Mexican or Dominican.  
Table 4.13. Regression Coefficients for Estimating BMI z-score at T0 
Variable Coefficients Std. Error P-value Adj. R2 SEE 
(Constant) -0.119 0.598 0.842     
HEI2015_TOTAL_SCORE_T0 0.002 0.008 0.833     
Weight loss attempts 0.12 0.055 0.03*     
Mexican 0.243 0.159 0.125     
Dominican 0.229 0.178 0.199     
Child born in continental US 0.554 0.225 0.014*     
Model Fit     0.029* 2.0 1.28 
Dependent Variable: BMI z-score T0 






Regression Results—Triceps z-score.  A multiple regression was run to determine 
the proportion of the variation in Triceps z-score explained by HEI-2015 Total Score, and 
mother’s age, weight loss attempts, education less than high school, marital status—
married and cohabiting, and ethnicity.  This overall model was not significant. The 
backward elimination procedure was used to improve the model.  In the backward 
elimination, the least significant variable (largest p-value and contributing the least to the 
regression equation) is removed one at a time and the model refitted until a stopping 
criteria (p=.05) is reached.  HEI-2015 total score was retained because it was the variable 
of primary interest.  The final model included: HEI-2015 Total Score, Weight loss 
attempts, Mexican ethnicity and marital status--married.  There was linearity as assessed 
by partial regression plots and a plot of studentized residuals against the predicted values.  
There was independence of residuals, as assessed by a Durbin-Watson statistic of 2.032. 
There was homoscedasticity, as assessed by visual inspection of a plot of studentized 
residuals versus unstandardized predicted values. Gender and Gender by PA were highly 
correlated, however.   There were two studentized deleted residual greater than ±3 
standard deviations, however, since no data entry or other discernable errors were 
detected, it was decided to retain this data point in the dataset. There were no leverage 
values greater than 0.2, and values for Cook’s distance above 1.  The assumption of 
normality was met, as assessed by a Q-Q Plot. R2 for the overall model was 2.1% with an 
adjusted R2 of 1.1%, F(4, 371) = 2.008, p = .093.  Regression coefficients and standard 
errors can be found in Table 4.14.  
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The overall model was not significant. HEI-2015 Total Score did was not 
associated with child’s Triceps z-score.  Only Mexican ethnicity was significantly 
associated with Triceps z-score in the final model. 
 Regression Results—Subscapular z-score.  A multiple regression was performed 
to determine the proportion of the variation in Subscapular z-score explained by HEI- 
2015 Total Score, Mother’s age, Weight loss attempts, Education—less than HS, Marital 
status—married, cohabiting, ethnicity—Mexican, Dominican, African American and 
Child’s age.  This overall model was not significant.  The backward elimination 
procedure was used to improve the model.  In the backward elimination, the least 
significant variable (largest p-value and contributing the least to the regression equation) 
is removed one at a time and the model refitted until a stopping criteria (p=.05) is 
reached. HEI-2015 total score was retained because it was the variable of primary 
interest.  The final model included: HEI-2015 Total Score, ethnicity—Mexican, African 
American and Child’s age.  There was linearity as assessed by partial regression plots and 
a plot of studentized residuals against the predicted values.  There was independence of 
residuals, as assessed by a Durbin-Watson statistic of 2.037.  There was 
Table 4.14. Regression Coefficients for Estimating Triceps z-score at T0 
Variable Coefficients Std. Error P-value Adj. R2 SEE 
(Constant) -0.039 0.038 0.298     
HEI2015_TOTAL_SCORE_T0 0 0.001 0.768     
Weight loss attempts 0.006 0.004 0.096     
Mexican 0.022 0.01 0.033*     
Mother married 0.013 0.009 0.182     
Model Fit     0.093 1.1 0.088 
Dependent Variable: Triceps z-score T0 





homoscedasticity, as assessed by visual inspection of a plot of studentized residuals 
versus unstandardized predicted values.  Gender and Gender by PA were highly 
correlated, however.  There were no studentized deleted residuals greater than ±3 
standard deviations.  There were no leverage values greater than 0.2, and values for 
Cook’s distance above 1.  The assumption of normality was met, as assessed by a Q-Q 
Plot. R2 for the overall model was 2.6% with an adjusted R2 of 1.6%, F(4, 373) = 2.503, p 
= .042. Regression coefficients and standard errors can be found in Table 4.15 below. 
The overall model was significant.  HEI-2015 Total Score did not predict child’s 
Subscapular z-score.  Only Child’s age significantly predicted Subscapular z-score. 
 Regression Results—WHtR.  A multiple regression was run to determine the 
proportion of the variation in WHtR explained by HEI-2015 Total Score, Mother’s age, 
Weight loss attempts, Education—less than HS, Marital status—married, cohabiting, 
ethnicity—Mexican, Dominican, Child’s age and Meals eaten while watching TV.  This 
overall model was significant.  There was linearity as assessed by partial regression plots 
and a plot of studentized residuals against the predicted values.  There was independence 
of residuals, as assessed by a Durbin-Watson statistic of 2.049.  There was 
Table 4.15. Regression coefficients for estimating Subscapular z-score at T0 
Variable Coefficients 
Std. 
Error P-value Adj. R2 SEE 
(Constant) -0.059 0.049 0.234     
HEI2015_TOTAL_SCORE_T0 0.001 0.001 0.285     
Mexican 0.014 0.01 0.173     
African American -0.019 0.014 0.182     
Your Child’s Age In Months 0.002 0.001 0.024*     
Model Fit     0.042* 1.6 0.085 
Dependent Variable: Subscapular z-score T0 






homoscedasticity, as assessed by visual inspection of a plot of studentized residuals 
versus unstandardized predicted values.  There were three studentized deleted residuals 
greater than ±3 standard deviations, however, since no data entry or other discernable 
errors were detected, it was decided to retain these data points in the dataset. There were 
no leverage values greater than 0.2, and values for Cook’s distance above 1.  The 
assumption of normality was met, as assessed by a Q-Q Plot. R2 for the overall model 
was 12.8% with an adjusted R2 of 10.4%, F(10, 363) = 5.319, p < .001. Regression 
coefficients and standard errors can be found in Table 4.16 below. 
 HEI-2015 Total Score did not predict child’s WHtR, nor did Mother’s age, 
Weight loss attempts, Education less than HS, marital status, ethnicity—Dominican and 
Meals eaten watching TV.  Child’s age and ethnicity—Mexican were significant 
predictors.   
Table 4.16. Regression Coefficients for Estimating WHtR at T0 
Variable Coefficients Std. Error P-value Adj. R2 SEE 
(Constant) 0.598 0.03 <.001     
HEI2015_TOTAL_SCORE_T0 6.75E-05 0 0.831     
Age of Child’s Mother 0 0 0.767     
Weight loss attempts 0.004 0.002 0.062     
Education Less than HS 
diploma -0.001 0.005 0.801     
Mother married 0.003 0.006 0.677     
Mother cohabiting 0.002 0.007 0.747     
Mexican 0.025 0.006 <.001*     
Dominican 0.008 0.007 0.212     
Your Child’s Age In Months -0.002 0 <.001*     
Meals Eaten Watching TV -0.003 0.002 0.097     
Model Fit     <.001* 10.4 0.047 
a Dependent Variable: WHtR T0--Waist/Height Ratio 






 Aim 3B:  To use the most parsimonious regression model developed in Aim 1C to 
examine if the model holds at T1, one year after baseline.   
 Hypothesis 3B:  Taking into account mother’s age, child’s sex, child’s physical 
activity level, child’s screen behavior, race/ethnicity, mother’s country of birth, 
education, employment status, and maternal diet quality will be inversely associated with 
child’s BMI z-score, triceps and subscapular z-scores and WHtR at T1, (one year after 
baseline). 
To analyze Aim 3B, multiple regressions were conducted to study how well 
baseline maternal HEI-2015 scores, controlling for maternal baseline characteristics, 
explains BMI, triceps, and subscapular z-scores and WHtR at T1, one year after baseline. 
Only participants with data at T0 and T1 were included in this analysis.  One hundred 
sixty-seven participants were included in the analyses.  
 Regression Results—Predicting BMI z-score at T1.  A multiple regression was 
run to determine the proportion of the variation in BMI z-score at T1 explained by HEI-
2015 Total Score T0, weight loss attempts, ethnicity—Mexican and Dominican, child’s 
country of birth—Continental US.  There was linearity as assessed by partial regression 
plots and a plot of studentized residuals against the predicted values.  There was 
independence of residuals, as assessed by a Durbin-Watson statistic of 2.149.  There was 
homoscedasticity as assessed by visual inspection of a plot of studentized residuals versus 
unstandardized predicted values.  There were two studentized deleted residuals greater 
than ±3 standard deviations, however, since no data entry or other discernable errors were 
detected, it was decided to retain these data points in the dataset.  There were no leverage 
values greater than 0.2, and values for Cook’s distance above 1.  The assumption of 
  
129 
normality was met, as assessed by a Q-Q Plot. R2 for the overall model was 9.7% with an 
adjusted R2 of 7.7%, F(5, 227) = 4.873, p <.001.  Regression coefficients and standard 
errors can be found in Table 4.17 below.  
The overall model was significant.  HEI-2015 Total Score did not significantly 
predict child’s BMI z-score at T1, though it approached significance.  Weight loss 
attempt and ethnicity were not significant predictors.  Child being born in the continental 
US significantly predicted BMI z-score at T1. 
 Regression Results—Predicting Triceps z-score at T1.  A multiple regression was 
run to determine the proportion of the variation in Triceps z-score explained by HEI-2015 
Total Score, Weight loss attempts, Mexican ethnicity and marital status--married.  The 
model for estimating Triceps z-score did not hold over time.  The overall model was not  
significant (adjusted R2=-.013; p=.888).  None of the predictors, including HEI-2015 
Total Score were significant.  Regression results are displayed in Table 4.18. 
Table 4.17. Regression Coefficients for Estimating BMI z-score at T1 
 
Variable Coefficients Std. Error P-value Adj. R2 SEE 
(Constant) 0.836 1.512 0.581     
HEI2015_TOTAL_SCORE_T0 -0.04 0.021 0.065     
Weight loss attempts 0.175 0.144 0.226     
Mexican 0.032 0.405 0.937     
Dominican 0.6 0.454 0.187     
Child born in continental US 2.287 0.532 <.001*     
Model Fit     <.001* 7.7 2.58 
Dependent Variable: BMI z-score T1 






 Regression Results—Predicting Subscapular z-score at T1.  A multiple regression 
was performed to determine the proportion of the variation in Subscapular z-score 
explained by HEI-2015 Total Score, ethnicity—Mexican, African American and Child’s 
age.  The model for estimating Subscapular z-score did not hold over time.  The overall 
model was not significant (adjusted R2=.7; p=.226).  Neither HEI-2015 Total Score nor 
any other predictor was not significant.  Results of the regression are presented in Table 
4.19 below.  
 Regression Results— Predicting WHtR at T1.  A multiple regression was run to 
determine the proportion of the variation in WHtR at T1 explained by HEI-2015 Total 
Table 4.18. Regression Coefficients for Estimating Triceps z-score at T1 
Variable Coefficients Std. Error P-value Adj. R2 SEE 
(Constant) 0.059 0.063 0.351     
HEI2015_TOTAL_SCORE_T0 0 0.001 0.626     
Weight loss attempts 0.005 0.007 0.413     
Mexican 0.009 0.017 0.61     
Mother married 0.003 0.016 0.848     
Model Fit     0.888 -0.013 0.117 
Dependent Variable: Triceps z-score T1 




Table 4.19. Regression Coefficients for Estimating Subscapular z-score at T1 
Variable Coefficients Std. Error P-value Adj. R2 SEE 
(Constant) 0.02 0.073 0.786     
HEI2015_TOTAL_SCORE_T0 0 0.001 0.889     
Mexican -0.013 0.014 0.35     
African American -0.036 0.022 0.109     
Child’s Age In Months 0.001 0.001 0.143     
Model Fit     0.226 0.7 0.095 
Dependent Variable: Subscapular z-score T1 





Score, Mother’s age, Weight loss attempts, Education—less than HS, Marital status—
married, cohabiting, ethnicity—Mexican, Dominican, Child’s age and Meals eaten while 
watching TV.  The model for estimating WHtR did not hold over time.  The overall 
model approached significance (adjusted R2=3.4; p=.059).  None of the predictor 
variables, including HEI-2015 Total Score were significant.  Results of the regression are 
presented in Table 4.20 below. 
 Aim 3C:  To examine the level of agreement between measures of child adiposity 






Table 4.20. Regression Coefficients for Estimating WHtR at T1 
Variable Coefficients Std. Error P-value Adj. R2 SEE 
(Constant) 0.547 0.048 <.001     
HEI2015_TOTAL_SCORE_T0 0 0 0.442     
Age of Child’s Mother 0.001 0.001 0.412     
Weight loss attempts 0.006 0.003 0.074     
Education Less than HS diploma -0.001 0.008 0.885     
Mother married 0.015 0.01 0.152     
Mother cohabiting 0.017 0.011 0.131     
Mexican 0.019 0.01 0.054     
Dominican -0.008 0.01 0.458     
Your Child’s Age In Months -0.001 0.001 0.105     
Meals Eaten Watching TV -0.001 0.003 0.768     
Model Fit     0.059 3.4 0.058 
Dependent Variable: WHtR T1--Waist/Height Ratio 





 Hypotheses 3C: 
• All four measures of child adiposity (BMI z-score, WHtR, Tricep z-
score and Subscapular z-score) will be significantly correlated with 
each other. 
• Each measure of child adiposity (BMI z-score, WHtR, Tricep z-score 
and Subscapular z-score) will be significantly correlated with 
maternal diet quality.  
 Correlations 3C:  Table 4.21 presents the agreement between the four measures of 
child adiposity: BMI z-score, Triceps z-score, Subscapular z-score and WHtR.  Each 
measure was correlated with each other.  Correlations ranged from 0.564 to 0.680 and all 
were significant at the 0.01 level. 
 BMI z-score Correlations.  A Pearson’s product-moment correlation was used to 
assess the relationship between HEI-2015 Total Score and BMI z-score.  Three hundred 
Table 4.21. Correlation between Measures of Child Adiposity at Baseline 








Correlation 1    
  Sig. (2-tailed) 
 
   
  N 379    
WHtR 
Pearson 
Correlation .680** 1   
  Sig. (2-tailed) .000 
 
  
  N 379 379   
Triceps z-score 
Pearson 
Correlation .611** .564** 1 
   Sig. (2-tailed) .000 .000 




Correlation .588** .566** .677** 1 
 
Sig. (2-tailed) .000 .000 .000 
   N 378 378 379 379 
** Correlation is significant at the 0.01 level (2-tailed). 




seventy-nine participants were included.  Preliminary analyses showed the relationship to 
be linear with both variables normally distributed, as assessed by Shapiro-Wilk’s test (p > 
.05), and there were no outliers.  There was a non-statistically significant correlation 
between HEI-2015 Total Score and BMI z-score, r(377) = .015, p = .767, with HEI-2015 
Total Score explaining <.001% of the variability in BMI z-score. 
 Triceps z-score Correlations.  A Pearson’s product-moment correlation was run to 
assess the relationship between HEI-2015 Total Score and Triceps z-score.  Three 
hundred seventy-nine participants were included.  Preliminary analyses showed the 
relationship to be linear with both variables normally distributed, as assessed by Shapiro-
Wilk’s test (p > .05), and there were no outliers.  There was a non-statistically significant 
correlation between HEI-2015 Total Score and Triceps z-score, r(377) = - .005, p = .915, 
with HEI-2015 Total Score explaining <.001% of the variability in Triceps z-score. 
 Subscapular z-score Correlations.  A Pearson’s product-moment correlation was 
run to assess the relationship between HEI-2015 Total Score and Subscapular z-score. 
Three hundred seventy-nine participants were included.  Preliminary analyses showed the 
relationship to be linear with both variables normally distributed, as assessed by Shapiro-
Wilk’s test (p > .05), and there were no outliers.  There was a non-statistically significant 
correlation between HEI-2015 Total Score and Subscapular z-score, r(377) = .029, p = 
.572, with HEI-2015 Total Score explaining <.001% of the variability in Subscapular z-
score. 
 WHtR Correlations.  A Pearson’s product-moment correlation was run to assess 
the relationship between HEI-2015 Total Score and WHtR.  Three hundred seventy-nine 
participants were included.  Preliminary analyses showed the relationship to be linear 
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with both variables normally distributed, as assessed by Shapiro-Wilk’s test (p > .05), 
and there were no outliers.  There was a non-statistically significant correlation between 
HEI-2015 total score and WHtR, r(377) = - .022, p = .666, with HEI-2015 Total Score 
explaining <.001% of the variability in WHtR. 
Summary of Aim 3:  HEI-2015 total scores were not associated cross-sectionally 
or longitudinally with measures of child adiposity as measured by BMI z-scores, Triceps 
and Subscapular SFT z-scores, nor WHtR.  However, other factors were associated with 
these measures of adiposity.  Child being born in the U.S. was associated with a 0.55-
point increase in BMI z-score at baseline.  Surprisingly, mother’s weight loss attempts 
were also positively associated with child’s BMI z-score at baseline.  Increasing number 
of weight loss attempts was associated with a 0.12 point increase in BMI z-score. 
Mexican ethnicity was associated with a 0.022 point increase in Triceps z-score at 
baseline.  A 1-month increase in child’s age was associated with a 0.002 point increase in 
Subscapular z-score at baseline.  Mexican ethnicity was associated with a 0.025 point 
increase in WHtR while child’s age was associated with a 0.002 point decrease in WHtR.  
These associations were associated with WHtR at baseline.  
Maternal characteristics at baseline explained BMI z-score at T1.  Child being 
born in the continental US was associated with a 2.287 point increase in BMI z-score.  In 
this model, HEI-2015 total score was marginally significant, p=.065.  All four measures 
of adiposity were correlated.  WHtR and BMI were most closely related followed by the 





Chapter V – DISCUSSION 
Introduction 
The overarching question of this dissertation was to investigate whether a 
relationship exists between the diet quality of mothers and the adiposity of their 
preschool age children.  The rationale was that a relationship could provide insight into 
parent-focused interventions to reduce childhood obesity, especially in low-income 
Hispanic children.  This chapter presents key findings from the investigation, study 
strengths and limitations, and potential applications and next steps.  
Key findings 
 The key findings from this study were:  (1) Mother’s diet quality in this sample of 
primarily low-income Hispanic women was low (HEI-2015 scores were an overall grade 
of ‘D’) and relatively stable over the two-year study period.  Mothers of Mexican descent 
had the lowest diet quality compared to other groups; mothers of Dominican descent had 
the highest.  (2) Child’s adiposity in the sample was poor with 44% considered 
overweight or obese and 75% with WHtR > 0.05.  Children of Mexican descent had 
worse WHtR scores compared to other groups.  (3) Mother’s diet quality, as measured by 
HEI-2015 scores, was not associated with any of the adiposity variables (BMI z-score, 
Triceps nor Subscapular z-score, nor WHtR) at baseline or one-year follow-up.  In 
  
136 
regression models evaluating the relationship between HEI-2015 scores and WHtR, 
Mexican ethnicity and younger age (but not HEI-2015 scores) were significantly 
associated with greater WHtR at baseline, but not one year later and (4) BMI z-score and 
WHtR were most closely correlated (r = 0.68, P<0.001).  
Specific Takeaways Related to Aim 1 
 Aim 1, Takeaway #1: Overall Diet Quality was Low Among Hispanic 
Mothers.  Overall, HEI-2015 scores in the sample were low.  No participant received a 
grade of ‘A’ and only 3.7% received a grade of ‘B’.  Mexicans were the least likely to 
score grades of C or better (only 4.4%); Dominicans were most likely to score grades of 
C or better (50.0%).  But despite being low, diet quality, as measured by HEI-2015 in this 
sample of low income Hispanic mothers, was slightly higher  (mean of 64.3, grade ‘D’) 
than a national sample of women from diverse racial/ethnic backgrounds (mean of 59.7 
grade ‘F’) (Reedy et al., 2018).  These findings were somewhat surprising as it was 
hypothesized that HEI-2015 scores would be either similar or lower than national 
estimates.  
As our sample was low-income, we had expected to see overall poorer diet quality 
compared to a nationally representative sample (Darmon & Drewnowski, 2008, 2015; 
Fang Zhang et al., 2018).  Food purchasing data suggests that some nutrient dense foods 
such as fruits and vegetables cost more than energy dense foods (Darmon & 
Drewnowski, 2015; Schroder et al., 2016).  A limited income could reduce one’s ability 
to purchase fruits and vegetables, as well as other healthful foods that increase HEI 
scores.  Indeed, HEI component scores for total vegetables, greens and beans, whole fruit, 
whole grains, dairy, and healthy fats were all low.  Limited access to healthy foods, as 
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found in populations near food deserts, would also negatively affect diet quality, as well 
as other factors such as food insecurity, uncertain housing, and employment (Laraia, 
Leak, Tester, & Leung, 2017).  We did not measure SNAP or WIC participation and 
therefore cannot assess the potential impacts of these programs on MDQ participants’ 
diets. 
However, there is also literature to suggest that less acculturation is associated 
with higher diet quality, even within low-income populations.  Hoerr and colleagues 
found that Hispanic women with children in Head Start had better diet quality compared 
to other groups (Hoerr et al., 2008).  They attributed their finding to limited acculturation 
of their study participants, although they did not measure it.  In this study, we explored 
the level of linguistic acculturation, the extent to which participants preferred English 
versus other languages at home, at work and with friends, in addition to country of birth.  
The majority (~65%) preferred speaking Spanish at home and with friends.  If limited 
level of linguistic acculturation is serving as a proxy for limited dietary acculturation, it 
may help to explain the slightly higher diet quality scores that we saw in this study 
compared to a national sample.   
 Aim 1, Takeaway #2: Mothers of Dominican Descent had Better Diet Quality 
than Mothers of Mexican Descent.  Our results showed differences in diet quality 
across racial/ethnic groups.  Although overall diet quality was low in both groups, 
Dominican mothers had somewhat higher overall diet quality compared to Mexican 
mothers.  This did not seem to be explained by linguistic acculturation as we found the 
Dominican mothers to be more linguistically acculturated (82.0% prefer speaking 
Spanish at home; 72.4% prefer speaking Spanish with friends) compared to Mexican 
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mothers (94.8% prefer speaking Spanish at home; 95.5% prefer speaking Spanish with 
friends), despite anecdotal stories of Dominican mothers traveling back to the Dominican 
Republic with frequency.  It would have been interesting to have a more comprehensive 
measure of acculturation, one that includes the extent to which traditional foods were 
being purchased, prepared, and consumed, as well as other factors of acculturation.  
Park and colleagues (Park et al., 2011), using data from the parent EOA study, 
found positive associations between linguistic isolation (the extent to which adult 
members of a neighborhood do not speak English) and adherence to a healthy diet pattern 
after controlling for neighborhood poverty level.  This isolation leads to immigrant 
enclaves which may protect against the negative effects of acculturation.  Data from the 
parent EOA study suggest that neighborhood linguistic isolation or level of acculturation 
at the neighborhood level may have contributed to the slightly higher diet quality (Park et 
al., 2011) compared to national estimates but, the MDQ study did not assess the densities 
of different racial/ethnic groups living in immigrant enclaves.  Understanding the extent 
to which living in immigrant enclaves helps to explain why diet quality was higher for 
Dominicans versus Mexicans would be interesting to pursue in future research.  
However, Census Bureau data lends support to our conclusion.  During 2012-2016, a 
larger proportion of Dominicans in the US (48%) settled in New York, whereas 65% of  
Mexicans settled in California, Texas and Illinois (Zong & Batalova, 2018a, 2018b). 
During that time period, Dominicans represented 3% (609,000) of the New York, New 
Jersey, Pennsylvania tristate area population while Mexicans represented 1.6% (320,000). 
Such a large difference may offer some advantages to the Dominican population.  First, 
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the larger Dominican network may provide access to more resources in terms of 
traditional foods.  Second, it may help Dominicans maintain their customs and culture. 
 Our study was among the few to examine specific components and patterns of the 
diet by racial/ethnic categories among Hispanic populations.  Doing so provides the 
opportunity to measure how well these groups adhere to US dietary recommendations 
and provide insight into how well they may be adhering to traditional cultural diets.  
Carrera and colleagues (Carrera, Gao, & Tucker, 2007) characterized the diets of 
Mexican American adults, ages 18 and older in the NHANES 2001-2002 sample.  Using 
cluster analysis, they described four dietary patterns, one of which they characterized as a 
traditional Mexican pattern that had higher intakes of fruits and vegetables compared to 
the other three patterns.  Regardless, the traditional Mexican pattern was still not 
considered “healthy” as it was also high in cholesterol and those consuming it had high 
BMIs.  This traditional Mexican pattern had high contribution of energy from tortillas, 
tacos, and flavored sweetened drinks and moderate contribution from legumes. 
According to Santiago-Torres and colleagues, traditional diets (Mexican and 
Mediterranean), are characterized by high amounts of fruits, vegetables, and legumes, 
whereas, a Western diet is characterized by low fruits and vegetables and high refined 
grains and added sugars (Santiago-Torres et al., 2016).  Our analyses of the HEI-2015 
subcomponent results suggest that, compared to Dominicans, Mexicans had lower scores 
for various components, including vegetable (total vegetable, greens and beans), fruit 
(total fruit), seafood and plant proteins, and refined grains.  These patterns might suggest 
a move away from the traditional Mexican diet and towards Westernized processed 
foods.  This dietary acculturation—the process by which immigrants adopt the dietary 
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practices of the predominant culture – may help to explain the lower diet quality seen in 
the mothers of Mexican descent compared to those of Dominican descent.  
Di Noia and colleagues explored differences in fruit and vegetable intake by 
race/ethnicity and Hispanic origin among SNAP participants living in New Jersey (Di 
Noia et al., 2016).  They found that compared to Puerto Ricans, Columbian, and Peruvian 
groups, Dominicans had more frequent consumption of most fruits and vegetable 
categories including 100% fruit juice, fruit, cooked/canned beans, and dark green 
vegetables, and less frequent consumption of orange-colored vegetables and other 
vegetables.  However, compared to Mexicans, Dominicans only had more frequent 
consumption of 100% fruit juice and cooked/canned beans; Dominicans had less frequent 
consumption of fruit, dark green vegetables, orange-colored vegetables and other 
vegetables.  In our sample, we also found Dominicans had higher intake of greens and 
beans compared to Mexicans.  Taking canned beans as an example, perhaps the higher 
consumption by Dominicans indicate a move away traditional fresh fruits and vegetables 
and toward a more Westernized diet, yet, they are rewarded for that consumption in the 
HEI-2015.  Mexicans on the other hand may be less willing to move away from their 
traditions and are refusing to substitute canned beans for less processed ones.  This raises 
questions about measuring different levels of diet quality not measured by the HEI-2015, 
which are beyond the scope of this dissertation.  
Coe and colleagues describe the use of family rituals in eating behaviors in 
Hispanic (mostly Mexican) mothers (Coe, Benitez, Tasevska, Arriola, & Keller, 2018). 
The researcher described changes in the procurement, preparation and sharing of food 
after migration to the US.  Rituals are social events that build social support and norms 
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that may have protective effects with regards to diet and health.  Time constraints and 
separation from family after migration often prohibit these rituals, which the researchers 
believed may have contributed to increased obesity risk.  Perez-Escamillia and colleagues 
believe that the negative effects of acculturation may be felt by immigrants from rural 
areas migrating to the US more so than those from urban areas (Perez-Escamilla, 2010). 
These immigrants are more likely to experience differences from their way of life for the 
first time and are therefore more susceptible.  
In some cultures, including many Hispanic cultures, views on body image and 
dieting is reversed from those held by the US population, which praises thinness. 
Rounded figures are praised in women.  Therefore, for women espousing the view that 
roundness is better, diet may not be important.  Knowing a client’s views on body image 
and its implication for maintaining a healthy diet would be beneficial for nutrition 
educators and interventionists when working with Hispanic populations.  We attempted 
to explore this phenomenon by comparing weight loss attempts by race/ethnicity but did 
not see significant differences.  
Parents of many cultures, including Hispanic cultures, view fatter babies and 
children as a sign of health (Laraway, Birch, Shaffer, & Paul, 2010; Martinez, Rhee, 
Blanco, & Boutelle, 2017; Redsell et al., 2010).  Laraway and colleagues found that 
among mostly White mothers in Pennsylvania, 57% of parents whose child’s weight fell 
in the lowest quartile felt the weight was too low while 66% those whose children fell in 
the top quartile were happy with their child’s weight (Laraway et al., 2010).  These 
researchers asked parents to rank hypothetical growth trajectories.  Forty-seven percent 
ranked lower weight (along 10th percentile) as least healthy and 29% ranked higher 
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weight babies as most healthy.  In the United Kingdom, Redsell and colleagues found 
similar results, however, preference for heavier infants was found in overweight or obese 
parents and preferences were influenced by cultural beliefs (Redsell et al., 2010).  In 
focus groups conducted mostly in Mexican mothers, Martinez and colleagues found 
similar preferences for fatter children (Martinez et al., 2017).  Fatness in children is 
accepted while lean children are viewed as malnourished.  Mothers in this study held the 
belief that food should not be wasted, therefore all foods served should be eaten and did 
not believe in taking action to reduce weight gain.  Some beliefs held by parents about 
their children’s body size are concerning for obesity prevention and need to be 
considered when designing interventions. 
 Aim 1, Takeaway #3: Mother’s Diet Quality was Fairly Stable Over Time.  
Our results also showed the stability of diet quality over time, as HEI-2015 scores 
changed very little over the two-year period in our sample.  The only changes were a 
slight improvement in mean whole fruit scores and sodium scores, as well as a slight 
decrease in mean greens and beans scores over time.  US national data suggests that 
population level diet is changing, but very slowly.  Using HEI-2010 scores, Wilson and 
colleagues investigated changes in dietary patterns of Americans in relation to Healthy 
People 2020 objectives (Wilson, Reedy, & Krebs-Smith, 2016).  Mean HEI-2010 total 
scores increased from 49 in 1999-2000 to 59 in 2011-2012, approximately one point per 
year over the 10+ years.  Like us, these researchers found an absolute increase in whole 
fruit, from 3.2 to 4.0 of 5.  They found an increase in greens and beans scores while we 
found a slight decrease.  In addition, they found a decrease in sodium scores while we 
found a slight increase. 
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In a longitudinal study of British adults conducted over 17 years with follow-up at 
7 and 10 years after baseline, Mishra and colleagues showed stability in patterns of fruits, 
vegetables, and dairy consumption (Mishra, McNaughton, Bramwell, & Wadsworth, 
2006).  These researchers also found that consumption of meat, potatoes and sweet foods 
were not stable over time.  Mishra and colleagues concluded that healthier eating 
behaviors, compared to other behaviors, track over time.  Similarly, Mikkila and 
colleagues showed that dietary patterns in youths ages 3-18 varied very little over a 3-
year period (Mikkila et al., 2005).  Individual food patterns generally become fixed at a 
very young age and remain relatively stable unless active intervention is implemented.  
 Aim 1, Takeaway #4: Age, Education and Marital Status Related to 
Maternal Diet Quality.  In the MDQ study, we tried to better understand factors 
associated with maternal diet quality.  We found that diet quality improved with age, 
similar to nationally representative data (USDA & CNPP, n.d.).  We also found an 
increase with education. Several studies have also shown an increase in diet quality 
scores with increasing education (Hiza, Casavale, Guenther, & Davis, 2013; Ogden et al., 
2018).  Finally, single mothers had poorer diet quality compared to married or cohabiting 
mothers.  This could be due to limited resources stemming from a single income vs. dual 
income households.  One interpretation could be that, assuming married or cohabitating 
mothers take on the responsibility of meal preparation, perhaps that responsibility or 
accountability translates to better overall diet quality.  If on the other hand, someone else 
is responsible for preparing meals, this would mask any lack of knowledge or skills 
related to nutrition and diet quality. 
  
144 
Specific Takeaways Related to Aim 2 
 Aim 2, Takeaway #1: Overall Child Adiposity Was High in this Sample of 
Preschool Age Primarily Hispanic Children.  Given that our population was low 
income and Hispanic, we hypothesized that the mean BMI would be at the 85th 
percentile.  Mean BMI was less than hypothesized at 71st percentile. However, 44% of 
MDQ children were classified as overweight (21%) or obese (23%) by BMI percentile 
for age and sex.  These prevalences were higher than those for Hispanic children and 
adolescents in NYC (21.9%) (Ogden et al., 2015) and children 2-4 participating in WIC 
(14.5%) (Pan et al., 2016).  There were no significant differences in BMI percentile by 
sex.  This finding is similar to NHANES data (Hales et al., 2017).  
Seventy-five percent of MDQ children had WHtR > 0.5.  WHtR is a measure of 
visceral adiposity.  Increases in visceral adiposity is related to increased blood pressure, 
fasting glucose levels, and other cardio metabolic risk factors.  In our study, WHtR was 
the only measure of adiposity that showed differences by racial/ethnic group.  A greater 
proportion (75%) of children identified as Mexican ethnicity had WHtR greater than .5, 
mirroring the disparity in mother’s diet quality distribution.  In a regression model, 
Mexican ethnicity was positively associated with WHtR.  A truly elevated WHtR this 
early in life is concerning because they will spend a larger number of their youth years 
with a risk factor associated with later health conditions, including risk for type 2 
diabetes and cardiovascular disease (Nambiar et al., 2009, 2010; Turcotte et al., 2019; 
Yoo, 2016). 
WHtR has not be validated in children under age 5.  The literature suggests that 
WHtR decreases from birth to age 5, from .69 to .48 and continues to decrease through 
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early adolescence to .40 due to growth (Sijtsma et al., 2014).  Our data do not match the 
range of WHtR suggested by the literature.  Mean WHtR decreased by only .01 units 
from .053 to .052 between baseline and T1; mean WHtR also decreased by .01 units from 
.0534 to .0526 between baseline and T2.  These small changes in WHtR, when greater 
changes were expected, suggest the need for further investigation into the use of this 
quick and non-invasive measure in younger children. 
While an elevated WHtR may be cause for alarm, some other factors should be 
considered.  Body shape or type is an emerging field of inquiry.  Shepherd and colleagues 
used DXA to model shape and composition of the human body (Shepherd et al., 2017).  
They show that different shapes are associated with different race and links to morbidity. 
Some researchers have suggested that Mexicans have a certain body type which is not 
necessarily an indicator of increased risk (Katzmarzyk et al., 2012; Malina, 2005).  
Turcotte and colleagues show links between Mexican ethnicity, a measure of central 
obesity and certain genotypes (Turcotte et al., 2019).  The measure of central obesity, 
Waist-to-Hip ratio, although differs from ours, the study suggests that the waist region 
may be important for those of Mexican descent. 
 Aim 2, Takeaway #2: Child Adiposity was Relatively Stable Over Time.  The 
longitudinal analyses of child adiposity showed little change over the one- and two-year 
follow-ups. BMI z-scores decreased at 1 year post baseline (T1-T0) and two years post 
baseline (T2-T0) and WHtR as mentioned above had a similar pattern.  This suggests that 
the average body size of the of the children in this sample was stable.  However, there 
were some shifts in the BMI classification.  Fifteen children shifted from the 
normal/underweight and overweight category to the obese category from T0 to T1.  From 
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T0 to T2, 11 children did the same.  These small shifts changed the obesity prevalence in 
the sample, but not the overall mean which is reflected in the fact that the mean BMI z-
score did not change significantly.  Also, between T0 and T2, only 110 participants had 
data for analyses, therefore inflating the impact of these small shifts.   
Skinfold thicknesses at baseline were in line with NHANES data.  There were 
small increases in skinfold thicknesses between T0 and T1 and between T0 and T2.  
 Aim 2, Takeaway #3: There were Few Factors Associated with Adiposity 
Measures.  Very few child characteristics were related to the adiposity outcomes. Being 
a US born child was associated with higher BMI z-scores.  This association is possibly 
explained by child and maternal factors.  Children born in the US are more likely to adopt 
the US culture, their dominant culture.  As such, they are more likely to be exposed to the 
high fat American diet through school and other social contacts and through TV.  
Mothers who give birth in the US are likely to have spent more time in the US and thus 
have had a longer exposure to the American diet and are serving more American diet to 
their children.  On their part, the children are possibly influencing what the mothers 
provide by requesting foods to which they are exposed. Further investigation of these 
factors are warranted.  Particularly, future research should survey mothers to learn how 
they decide what to feed their children and the approach with which they do so. 
Incorporating measures of parent feeding practices (Birch et al., 2001; Musher-Eizenman 
& Holub, 2007) and feeding styles (Hughes, Power, Orlet Fisher, Mueller, & Nicklas, 
2005) would be interesting to pursue in the future.  Measuring children’s dietary intake to 
get an estimate of exactly what they eat would also be valuable. 
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Increases in age was positively associated with subscapular z-score and associated 
with decreases in WHtR.  Generally, age is positively related to adiposity in many studies 
(Kranjac & Wagmiller, 2016; Ward et al., 2017).  However, the negative association with 
WHtR in this study was not unexpected, given that research suggests that WHtR 
fluctuates in ages younger than 5 years (Sijtsma et al., 2014).  And being of Mexican 
descent was associated with triceps z-score.  Physical activity, measured by 
accelerometry showed little or no effect despite other studies suggesting that there is a 
relationship between physical activity and adiposity (Lee, Lee, Lee, & Kim, 2016; 
Rauner, Mess, & Woll, 2013).  However, Salbe and colleagues also found that physical 
activity was not associated to obesity at age 5 in a cohort of Native American children, 
but by age 10 there was a strong inverse relationship (Salbe et al., 2002). 
Specific Takeaways Related to Aim 3 
 Aim 3, Takeaway #1: Maternal Diet Quality was Not a Predictor of Child 
Adiposity.  Maternal diet quality, as measured by HEI-2015 scores, were not associated 
with measures of adiposity in children.  This finding is similar to those of Acharya and 
colleagues (Acharya et al., 2011) and Papas and colleagues (Papas et al., 2009), though 
neither of these studies used a comprehensive measure of diet quality.  In the MDQ 
study, HEI-2015 scores were derived from self-reported maternal dietary intake on a 
validated FFQ. FFQs are designed to probe usual dietary intake, however, responses are 
subject to recall bias which could lead to under or over estimation of intake.  Interpreting 
portion sizes and frequency of consumption can be cognitively challenging, which could 
possibly affect reports of dietary intake.  Finally, it is possible that participants reported 
healthy food choices to please the researcher.  However, given that the mean HEI-2015 
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scores were comparable to nationally representative data collected by 24-hour recalls, 
errors in reporting in isolated subjects are not subject to the same errors nor are they 
isolated to the MDQ study.  
 Aim 3, Takeaway #2: Diet Quality is Related to Number of Weight Loss 
History.  A surprising finding was the improvement of diet quality score with number of 
maternal weight loss/diet attempts.  However, this improvement did not translate into 
reduction in children’s adiposity.  In fact, it revealed an unhealthy association—as 
number of maternal weight loss/diet attempts increased, children’s BMI z-score also 
increased.  To the researcher’s knowledge, no other study has attempted to relate weight 
loss history with diet quality or adiposity measures in children.  Myers and colleagues 
have shown that fewer number of weight loss attempts were associated with greater 
subsequent weight loss (Myers et al., 2013).  
 It is important to understand factors associated with weight loss attempts and how 
they impact the child.  NHANES data between 2013 and 2016 show that weight loss 
attempts varied by weight status.  Approximately 66.7% of adults with obesity, 49.0% of 
overweight adults, and 26.5% of underweight or normal weight adults attempted to lose 
weight. We did not measure weight status.  It would be interesting to understand if 
mothers in different weight categories differ by number of weight loss attempt and if that 
association changes the way she approaches feeding her child.  The authoritative 
parenting style is characterized by rules and demands without regard for child preferences 
(Shloim, Edelson, Martin, & Hetherington, 2015; van der Horst & Sleddens, 2017).  
Feeding practices such as food restriction and pressure to eat are characteristic of the 
authoritative parenting style (van der Horst & Sleddens, 2017).  Studies on feeding 
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practices indicate that food restriction and pressure to eat were positively associated with 
BMI (Shloim et al., 2015).  Studies show that feeding practices used were in response to 
the child, such that restriction was used with high BMI and pressure to eat with low BMI 
(Shloim et al., 2015).  More research is needed to investigate interactions between 
parenting styles, parenting practices and feeding styles among low-income Hispanic 
populations.  
 Aim 3, Takeaway #3: Our data concur with other literature that show 
established high correlations between measures of child adiposity.  Indirect measures 
of body fat and fat distribution such as BMI, skinfold thicknesses, and WHtR are used in 
lieu of more precise measures in settings where direct methods are not feasible.  Precision 
of indirect measures vary, thus affecting the level of agreement with direct measures. 
However, these indirect measures have varying relationships with disease outcomes and 
markers of health.  For example, BMI is related to type II diabetes and hypertension; 
waist circumference is related to cardiovascular disease and type II diabetes; skinfold 
thicknesses are related to cardiovascular disease (IOM, 2012).  A common risk factor for 
type II diabetes, hypertension, and cardiovascular disease is elevated central or visceral 
adiposity.  While BMI does not provide information on fat distribution, children with a 
high BMI are likely to have increased central adiposity as reflected in a higher WHtR, 
therefore these two indices would be correlated.  Skinfold thicknesses of the 
subcutaneous fat layer would be expected to be larger in children with higher BMIs, as 
the greater proportion of total body fat is located in the subcutaneous depot.  The 
selection of indirect method is often driven by the research question based on the 
relationship of the outcome and the indirect method.  A forced choice may prevent 
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researchers from making claims about other outcomes or conditions.  If, however, the 
indirect measures are correlated, comparisons become easier.  BMI z-score and WHtR 
were most closely correlated (r = 0.68, P<0.001).  
Limitations 
There were several limitations in this study.  FFQ were used to assess dietary 
intake.  FFQs are well suited for large longitudinal studies such as ours because they 
attempt to capture usual intake over a specified period of time and they reduce cost and 
participant burden.  However, a major limitation of the FFQ is that perceived intake (how 
much and how frequently an item is consumed) rather than actual intake is reported. 
FFQs use a previously prepared list of foods which may not be representative of foods 
eaten by a given population.  The FFQ used in our study included several Hispanic foods. 
However, these foods may be prevalent in some Hispanic groups more so than others.  
We attempted to investigate these differences, however, the Hispanic food questions were 
only included on the Spanish version of the FFQ.  Participants were allowed to complete 
the FFQ in the language of their choice which could have led to under reporting of their 
consumption.  In relation to calculating HEI-2015 scores, FFQs do not capture specific 
foods consumed.  Translating FFQ data into HEI-2015 scores therefore required some 
judgment. For example, in a single question the FFQ asks if sausage or bacon was eaten, 
each of which may have different nutrient profile.  The researcher has to decide whether 
to use the nutrient profile for sausage or bacon.  In cases like this, we used a blended 
approach, taking an average of multiple the items presented in one question. 
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Other limitations concern covariates not measured.  Although all MDQ 
participants qualified for Head Start, indicating low income, SES was not measured 
directly.  Anthropometric measurements were not collected on mothers nor was diet 
quality assessed for children, factors that should have been controlled in analyses. 
Mother’s race/ethnicity was not assessed using the six categories used in assessing 
children’s race/ethnicity—Dominican, Mexican, Puerto Rican, Mix Hispanic, Other and 
non-Hispanic Black.  Instead, mother’s ethnicity was obtained from the FFQ and 
recorded as Hispanic, African American, Japanese, White, Chinese, and Other.  We felt 
that these broad classifications would not add to the understanding of differences that 
may exist between ethnic groups.  We therefore used the children’s race/ethnicity 
variable to represent the mother’s race/ethnicity.  To confirm racial/ethnic counts, we 
compared the number of women who reported being African American on the FFQ to the 
number classified as non-Hispanic black by the child’s ethnicity.  Similarly, the number 
of mothers reporting as Hispanics on the FFQ were compared to the sum of mothers from 
all Hispanic groups by child classification.  Results showed little to no misclassification. 
Finally, self-report of dietary intake and behaviors may be subject to social desirability 
bias, a special concern when assessing individual differences by self-report.  It is possible 
for participants to have reported intakes in ways they believed to be pleasing to the 
interviewer instead of reporting true intake.  For example, other studies have shown high 
soda consumption among Mexican populations (Rivera et al., 2016).  Yet in our sample, 
scores for added sugars among Mexican mothers were among the highest.  However, 




A major strength of the study is its longitudinal design.  Very few studies have 
assessed changes in diet quality.  We were able to successfully measure diet quality at 
three time points.  The use of an overall measure of diet quality in the form of the HEI-
2015 score is also a strength.  The HEI-2015 is readily comparable to other studies, 
facilitating cross comparisons.  Our ethnically diverse sample enables us to make 
statements about a wider population.  Another strength of our study is the use of objective 
anthropometric measurements, including physical activity instead of self-reported ones. 
We included several key covariates important to the study of body size, including 
measures of physical inactivity and sedentary behavior and breastfeeding.  The 
comparison of several measures of adiposity is another strength.  Each measure is 
associated with strengths and limitations therefore by including several of them, we were 
able to research the question from several viewpoints. 
Implications for future research  
Future research should investigate the relationship between maternal diet quality 
and child adiposity using different methods to collect dietary intake, such as several 24-
hour recalls.  It is important to use multiple recalls to be able to get an estimate of usual 
intake and to account for seasonality.  
More advanced measures of adiposity such as DXA or Air Displacement 
Plethysmography (ADP) to measure fat distribution in children could help answer this 
question more appropriately.  Of course, these techniques are more costly and the DXA 
brings with it the risk of radiation.  Additional variables such as mother’s weight status 
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should be controlled in future research.  Child’s diet should be measured as it may help 
elucidate mechanisms of action.  For example, it would be important to know if mothers’ 
diet quality directly influences child’s adiposity or, more likely, indirectly through the 
child’s diet quality.  
A hypothesized mechanism for the influence of maternal diet quality on child 
adiposity was through unintentional role modeling and observational learning.  However, 
role modeling per se was not measured.  Questionnaires and observations have been used 
to assess these variables and could perhaps be incorporated in future studies.  In our 
study, the children attended Head Start for half of each week day, thus removing them 
from the influence of their mothers.  Future research could investigate this association in 
children who are with their mothers throughout the day, such as children who are home 
schooled. 
The models used to investigate associations between maternal diet quality and 
child adiposity were statistically driven.  Backward elimination models were used and the 
decision to remove variables were guided by statistical indicators.  In actual practice, 
model building is more organic, relying more on theory.  Future investigation should take 
this into consideration. 
Implications for practice 
Stakeholders who assist Hispanic mothers of limited resources can use the results 
from this study to develop strategies to positively impact the lives of their constituents. 
First, our description of the diet quality and distribution of component scores can help 
practitioners hone messages based on food components that are subpar in this population. 
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For example, there are numerous educational campaigns about increasing intake of fruits 
and vegetables.  With our results, education can be more targeted.  Total fruit 
consumption, which include fruit juice, is nearly at the maximum score.  However, scores 
on the whole fruit component was low.  Therefore, consumption of whole fruit should be 
promoted.  Similarly, consumption of whole grains was quite low in this population. 
Messages to promote whole grain consumption should be prioritized.  In addition, from 
our exploration of changes in HEI scores we learned that diet quality was low and 
remained stable over time.  These results provide evidence that increased efforts are 
needed to help identify barriers and increase motivation and efficacy to improve diet 
quality. 
Several studies have shown relationships between maternal diet quality and child 
diet quality (Ashman et al., 2016; Fisk et al., 2011; Hansson et al., 2016; Laster et al., 
2013).  In this context, the low diet quality observed among mothers in our sample 
suggests that their preschool-aged children may also be experiencing low diet quality. 
Early exposure to low diet quality is concerning for two reasons.  First, several studies 
have shown that diet quality is positively associated with overweight/obesity and 
adiposity in children (Gazzaniga & Burns, 1993; Lioret et al., 2014; Nicklas et al., 2003; 
Perry et al., 2015).  Second, research suggests that eating habits form during early 
childhood and once formed remain stable throughout life and are related to 
cardiometabolic risk factors in in adulthood (Ashcroft et al., 2008; Kaikkonen et al., 
2013; Mikkila et al., 2005).  Therefore, if these children were exposed to low diet quality, 
efforts should be made to reduce exposure to this risk factor for obesity. 
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Special attention may be needed for women and children of Mexican descent.  
Our results about possible dietary acculturation is interesting and perhaps suggestive of 
the need for intervention for new immigrants.  Perhaps trips to supermarkets to get them 
acclimated to the food environment. 
Our findings of weight loss attempts positively influencing diet quality yet 
negatively impacting BMI z-scores may be of in interest to practitioners.  Mothers who 
are repeatedly attempting to lose weight need intervention prior to the weight loss attempt 
to avoid negative impact of the repeated attempts.  Intervening early may also positively 
impact the child by breaking the negative influence of the factors that are driving mothers 
to want to diet.  We theorized that observational learning is a potential mechanism 
linking mother’s diet with child adiposity.  If this theory was borne out by our data, with 
mother’s diet being associated with child’s adiposity, it would therefore follow that focus 
should be place on influencing mother’s behaviors and practices.  For example, 
interventions could target Hispanic mothers with a focus on maintaining traditional high 
quality food and preparation.  Our data were not suggestive of such a relationship. 
However, mothers typically focus their attention on their children, sometimes neglecting 
their own needs.  An analogy could be drawn with the message conveyed in airplane 
safety videos that travelers should take care of themselves first before attempting to save 
others.  Similarly, practitioners could teach mothers how to improve their own diet in 
order to help their children.  Focusing on self may be counter to maternal instincts; 
however, doing so may be a better option for both mother and child.  While our data do 
not support, at this time, targeting mother’s diet quality as a way to change their child’s 
diet quality, one could argue that focusing on self-help, although often counter to 
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maternal instincts, may still be good practice.  It would still be interesting for future 
studies to examine other maternal lifestyle practices and the potential influence on child 
outcomes. 
Conclusions 
The MDQ study has contributed a description of diet quality of a sample of 
ethnically diverse mothers from low income backgrounds and highlighted key differences 
among the groups.  The MDQ study also described the overweight/obesity status of their 
preschool aged children attending Head Start, highlighting differences by racial/ethnic 
group.  The MDQ study contributed a unique finding relating number of weight loss 
attempts to diet quality and child adiposity.  The MDQ Study showed that WHtR did not 
vary by age.  Finally, and most importantly, the MDQ study showed that maternal diet 
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EOA (Parent) Study Baseline Questionnaire 
Study ID__ __ __ __ __  Interviewer ID __ __ __ 
 
 














First name:  Middle:  Last name:  
 
Mother or Guardian 1 
 
First name:  Middle:  Last name:  
 
Father or Guardian 2 
 




Street address:   Floor:  Apartment #:  
 
City:   State:  Zip code:  
 
 





Telephone (       )  
 
Evening  
Telephone (        )   
 
Cellular 




Name of a friend or relative who is able to contact you:   
 Telephone:   (        )  
Office use only      
 
Phase II:         
 
 






Study ID__ __ __ __ __  Interviewer ID __ __ __ 
 
 





Date:__ __/__ __/__ __   Start time __ __:__ __ (Please use military time.) 
 
  For office use only 
 Rater ID __ __ __ 
 Coder ID __ __ __ 
 Center ____ 
 Lang. ____ 
 Type  ____ 
 Phase II  ____ 
 
In this questionnaire, “your child” means the child who entered Head Start this year.   If more than one 
child entered Head Start this year, please choose the youngest.   If you have twins, triplets, etc., please 
choose one child and complete a questionnaire for that child.   
 
Some questions will require you to write the answer on a line.  If the space provided is not big enough, 
please continue your answer on the bottom or back of the page.  Whenever you come to a question that 
you cannot or do not want to answer or that you do not think applies to you, please write “don’t know” 
next to that question or ask for help. 
 
These questions are about your child’s background.                For office use only  
      
1. Are you your child’s (please check one): ____ 
____Mother  









____Other relative; please specify_________________________________________ 
____Other unrelated caregiver; please specify_______________________________ 
 










Study ID__ __ __ __ __  Interviewer ID __ __ __ 
 
 
 11 5/23/05 
3. Is your child a ____boy or ____girl? ____ 
4.  What is your child’s date of birth: ___ ___/___ ___/___ ___ ___ ___  ____ 
        Month              Day                        Year 
 
5.  How much did your child weigh at birth? ___ ___ pounds ___ ___ounces  ____ 
 
6. Was your child born (please check one):  ____ 
____Close to due date (Less than 3 weeks before or after the due date) 
____More than 3 weeks before the due date 
____More than 3 weeks after the due date 
 
7. Was your child in a neonatal intensive care unit (NICU) right after birth?  ____Yes   ____No  ____ 
 
8. Was your child on a ventilator with a tube in the throat right after birth?  ____Yes   ____No ____ 
 
9. a. Was your child ever breastfed?  ____Yes   ____No ____ 
 
b. IF YES, for how many months? ___ ___ ___ ____ 
 
10. a. Before Head Start, did your child ever attend another preschool, day care, or play group?  ____ 
 
  ____Yes   ____No  
 
b. IF YES, how old was your child when he/she started?  ___ ___ years and ___ ___months  ____ 
 
c. How many months did he/she attend?___ ___   ____ 
 
11. Is your child (please check all that apply):    ____ 
a. ____Black, African-American, or of African descent?   
b. ____Asian/Pacific Islands, or of Asian descent?    
c. ____White, Caucasian, or of European descent?   
d. ____ American Indian/Alaskan native?    
d1. IF YES, please specify enrolled or principal tribe___________________________   
e. ____South Asian (from India, Pakistan, Bangladesh, Nepal)  
f. ____Other   







Study ID__ __ __ __ __  Interviewer ID __ __ __ 
 
 
 12 5/23/05 
12. If your child is of Spanish/Latino/Hispanic descent, is he/she (please check all that apply): 
a.  ____Of Mexican/Chicano descent?   ____ 
b.  ____Of Puerto Rican descent?   ____ 
c.  ____Of Dominican descent?  ____ 
d.  ____Of other Spanish/Hispanic/Latino descent?  ____ 





Study ID__ __ __ __ __  Interviewer ID __ __ __ 
 
 
 13 5/23/05 
13 a.  Does your child have brothers or sisters?  ____Yes   ____No ____ 
 
b.  IF YES, how many? ___ ___   ____ 
   
In these questions, he/she refers to the brother/sister of your child. 
13.c. Please print the brothers’ and 
sisters’ initials, the oldest first. 
          
13.d. What is this child’s age?           










































13.g. How is this brother or sister 





























































13.i. IF YES, at what age was 
he/she toilet-trained? 
___/___ 
yrs.   mos. 
___/___ 
yrs.   mos. 
___/___ 
yrs.   mos. 
___/___ 
yrs.   mos. 
___/___ 
yrs.   mos. 
___/___ 
yrs.   mos. 
___/___ 
yrs.   mos. 
___/___ 
yrs.   mos. 
___/___ 
yrs.   mos. 
___/___ 
yrs.   mos. 
13.j. Did he/she ever attend 





















13.k. IF YES, at what age did 
he/she start? 
___/___ 
yrs.   mos. 
___/___ 
yrs.   mos. 
___/___ 
yrs.   mos. 
___/___ 
yrs.   mos. 
___/___ 
yrs.   mos. 
___/___ 
yrs.   mos. 
___/___ 
yrs.   mos. 
___/___ 
yrs.   mos. 
___/___ 
yrs.   mos. 
___/___ 
yrs.   mos. 
13.l. IF YES, at what age in 
months did he/she leave? 
___/___ 
yrs.   mos. 
___/___ 
yrs.   mos. 
___/___ 
yrs.   mos. 
___/___ 
yrs.   mos. 
___/___ 
yrs.   mos. 
___/___ 
yrs.   mos. 
___/___ 
yrs.   mos. 
___/___ 
yrs.   mos. 
___/___ 
yrs.   mos. 
___/___ 
yrs.   mos. 
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 14 5/23/05 
14. Was your child born in (please check one):  ____ 
___New York City 
___New York State but not New York City 
___Puerto Rico 
___The United States but not New York State or Puerto Rico; which state?___________________ 
___The Dominican Republic 
___Another Caribbean country; which one? _____________________________ 
___Mexico 
___A South/Central American country; which one? _____________________________ 
___An African country; which one? ___________________________________ 
___Another foreign country; which one? __________________________ 
 
15. How old is your child’s mother? ___ ___    In what year was she born?  ___ ___ ___ ___  ____ 
 
16. Was she born in (please check one):  ____ 
___New York City 
___New York State but not New York City 
___Puerto Rico 
___The United States but not New York State or Puerto Rico; which state ___________________ 
___The Dominican Republic 
___Another Caribbean country; which one? _____________________________ 
___Mexico 
___A South/Central American country; which one? _____________________________ 
___An African country; which one?  ___________________________________ 
___Another foreign country; which one? __________________________ 
 
17. What is the highest grade/year of school that your child’s mother completed (please circle one)? ____ 
 
Grade school 0 1 2 3 4 5 6 7 8 
High school 9 10 11 12 GED    
Technical/vocational school; how many years?       
College; how many years?  Bachelor’s degree 
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 15 5/23/05 










20. How old is your child’s father? ___ ___    In what year was he born?  ___ ___ ___ ___  ____ 
 
21. Was he/she born in (please check one):  ____ 
___New York City 
___New York State but not New York City 
___Puerto Rico 
___The United States but not New York State or Puerto Rico; which state ___________________ 
___The Dominican Republic 
___Another Caribbean country; which one? _____________________________ 
___Mexico 
___A South/Central American country; which one? _____________________________ 
___An African country; which one? ___________________________________ 
___Another foreign country; which one? __________________________ 
 
22.  What is the highest grade/year of school that your child’s father completed (please circle one)?  ____ 
 
Grade school 0 1 2 3 4 5 6 7 8 
High school 9 10 11 12 GED    
Technical/vocational school; how many years?       
College; how many years?  Bachelor’s degree 
Graduate school; how many years?  Master’s Doctorate 
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 16 5/23/05 
24.  Does your child’s father currently have a job outside the home? (please check one):  ____ 
  ____No 
____Yes, part-time 
____Yes, full-time 
If you are your child’s mother or father, AND you are your child’s primary caregiver or guardian, 
please skip to question 30.   
 
If someone who is not your child’s mother or father is your child’s primary caregiver or guardian, 
please supply the following information about that person. 
 
25. How old is that person? ___ ___   In what year was he/she born?  ___ ___ ___ ___  ____ 
 
26. Was he/she born in (please check one):  ____ 
___New York City 
___New York State but not New York City 
___Puerto Rico 
___The United States but not New York State or Puerto Rico; which state ___________________ 
___The Dominican Republic 
___Another Caribbean country; which one? _____________________________ 
___Mexico 
___A South/Central American country; which one? _____________________________ 
___An African country; which one? ___________________________________ 
___Another foreign country; which one? __________________________ 
 
27. What is the highest grade/year of school that that person completed (please circle one)?  ____ 
 
Grade school 0 1 2 3 4 5 6 7 8 
High school 9 10 11 12 GED    
Technical/vocational school; number of years?       
College; number of years?  Bachelor’s degree 
Graduate school; number of years?  Master’s Doctorate 
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30. What is the preferred language of your child’s    




















English          
Spanish          
French          
French/Creole          
Other; please 
specify 
         
 
31. Is your child’s mother (please check one):  ____ 
___Married to your child’s father 
___Married to someone other than your child’s father 
___Living with your child’s father 






32. Is your child covered by insurance to help pay for doctor or hospital bills? ___Yes     ___ No ____ 
Please check all that apply. 
     ___a. Group private insurance through an employer, union, or other organization ____ 
     ___b. Individual private insurance  ____ 
     ___c. Medicare (Part A or B)   ____ 
     ___d. Medical Assistance or Medicaid ____ 
     ___e. Child Health Plus (CHIPS)   ____ 
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 18 5/23/05 
33. What is the religion of the Child Mother  Father Other primary caregiver (if any) 
Please check all that apply.  
No religion/agnostic/atheist     
No formal religion (e.g, believe in 
a higher power) 
    
Baptist     
Buddhist     
Catholic      
Eastern Orthodox      
Episcopalian     
Hindu       
Jehovah’s Witness     
Jewish       
Lutheran     
Methodist     
Muslim/Islam     
Pentecostal     
Presbyterian     
Protestant denomination not listed 
above; please specify 
    
Other; please specify     
 
End time __ __:__ __ (Please use military time.) 
 
The next set of questions is about health.   
 
34. How tall is your child? ___ ___ inches  ____ 
 
35. How much does your child weigh? ___ ___ pounds ____ 
  
36. a. Is your child toilet trained at night?     ___Yes      ___ No ____ 
b. Is your child toilet trained during the day?     ___Yes      ___ No ____ 
 
37. Did a doctor ever say that your child had asthma?  ___Yes      ___ No ____ 
IF YES, when? ___ ___/___ ___ ___ ___   How old was your child? ___ ___ years  ____ 
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 19 5/23/05 
38. Is your child currently under the care of a doctor, medical provider, or clinic where your child usually 
gets care for: 
a.   Asthma, wheezing, cough, or other breathing problems?  ___Yes      ___ No ____ 
b.  Other health problems or well-child care  ___Yes      ___ No ____ 
 
39. Has your child taken any medications for asthma in the past three months? ___Yes      ___ No ____ 
 
40.  IF YES, which medications? How often was this medication used in the past 3 months? 
 Less than 1 time per week 1-2 times a week Daily/almost daily 
Accolate    
Albuterol    
Atrovent    
Azmacort    
Beclovent     
Brethaire    
Budesonide inhaler    
Combivent  (albuterol & 
ipatropium inhaler) 
   
Deltasone    
Flovent (fluticasone priopionate 
oral) 
   
Intal    
Ipatropium bromide inhaler    
Liquid Pred    
Maxair    
Montelucast sodium    
Nasalcrom    
Nedocromil sodium    
Opticrom     
Prednisone oral    
Proventil    
Pulmicort    
Respbid    
Salbuterol    
Salmeterol    
Serevent    
Singulair    
Slo-Bid    
Theo-dur    
Theophylline    
Tilade    
Tornalate    
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 20 5/23/05 
Turbohaler    
Vanceril    
Ventolin    
Volmax    
Zafirlucast    
Zileutron    
Others, please list    
    
    
 
41. Has your child had any asthma attacks in the past 3 months  (please check all that apply):   
 ____a. While on medication?  ____ 
 ____b. While not on medication?                 ____ 
 
42. a. Does your child have a peak flow meter?   ___Yes      ___ No ____ 
(A peak flow meter is a hand-held device that measures how well you can expel air from your 
lungs in one quick blast.  It consists of a plastic tube with a mouthpiece on one end and a pointer 
and scale inside. Some models look like a kazoo.) 
 
b. IF YES, how often does your child use the peak flow meter?   Please check one. ____ 
 ___Every day            
 ___Several times a week 
 ___Once a week to once a month 
 ___Only when he/she is sick 
 ___Never 
 
43. a. Has your child ever had wheezing (whistling sounds in the chest)?___Yes   ___ No ____ 
b. If yes, how old was your child the first time? ______ /______ ____ 
 Years Months 
c. If yes, approximately how many times in the past year?  Please check one. ____ 
___None 
___1 to 3 
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44. a. Has your child had any difficulty in breathing (even with an open mouth)? ___Yes      ___ No ____ 
b. If yes, how old was your child the first time? ______ /______ ____ 
 Years Months 
 
c. If yes, approximately how many times in the past year? Please check one. ____ 
___None 
___1 to 3 
___More than 3 
 
45.a. Has your child been awakened at night by coughing, shortness of breath, or tightness in the chest? 
 ___Yes      ___ No ____ 
b. If yes, how old was your child the first time? ______ /______ ____ 
 Years Months 
c. If yes, approximately how many nights in the past year?  Please check one.  ____ 
___None 
___1 to 3 
___More than 3 
 
If the answers to questions 43-45 are ALL NO, please skip to question 52.  
 
46. a. Has your child ever had wheezing after running or active play? ___Yes      ___ No ____ 
 
b. If yes, how old was your child the first time? ______ /______  ____ 
 Years Months 
c. If yes, approximately how many times in the past year? Please check one. ____ 
___None 
___1 to 3 
___More than 3 
 
47. a. Has your child had wheezing or difficulty in breathing without having a cold, flu,  
cough, or chest infection? ___Yes      ___ No ____   
b. If yes, how old was your child the first time? ______ /______ ____  
 Years Months 
c. If yes, approximately how many times in the past year?  Please check one. ____ 
___None 
___1 to 3 
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48. a. Has your child had to be taken to the doctor in a hurry because of  wheeze or difficulty in  
breathing?  ___Yes      ___ No ____ 
b. If yes, how old was your child the first time? ______ /______ ____ 
 Years Months 
c. If yes, how many times in the past year?  Please check one. ____ 
___None 
___1 to 3 
___More than 3 
 
49. a. Has your child ever made an emergency visit to a hospital emergency department because of 
         wheezing or difficulty in breathing?  ___Yes      ___ No ____ 
b. If yes, how old was your child the first time? ______ /______ ____ 
 Years Months 
c. If yes, how many times in the past year? Please check one. ____ 
___None 
___1 to 3 
___More than 4 
 
50. a. Has your child been admitted to the hospital overnight because of wheezing or difficulty in 
          breathing?  ___Yes      ___ No ____  
b. If yes, how old was your child the first time? ___ ___ months  ____ 
 
c. How many nights did your child spend in the hospital because of wheezing or difficulty in 
          breathing in the past year?  Please check one. ____ 
___None 
___1 to 3 
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51. In the last 12 months, which of the following have made your child’s wheezing or breathing   
difficulties worse?  
 Please check all that apply. For office use only 
a. Cold weather   
b. Pollen   
c. Emotion/excitement   
d. Fumes or smoke, such as car exhaust   
e. Dust    
f. Being near animals, such as dogs or cats   
g. Wool clothing   
h. Having a cold or the flu   
i. Cigarette smoke   
j. Soaps, sprays, or detergent     
k. Foods or drinks; please specify    
   
l.  Other; please specify    
   
 
52. a. Has your child ever had a cold, cough, or flu?   ___Yes      ___ No ____ 
b. If yes, how old was your child the first time? ___ ___ months  ____ 
c. If yes, approximately how many colds/coughs/flus in the past year?  ____ 
___None 
___1 to 3 
___More than 3 
 
53. a. Has your child ever had an ear infection?  ___Yes      ___ No ____ 
b. If yes, how old was your child the first time? ___ ___ months  ____ 
c. If yes, approximately how many ear infections in the past year?    ____  
___None 
___1 to 3 
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54. a. Has your child had allergic reactions to food?  ___Yes      ___ No ____ 
b. If yes, how old was your child the first time? ___ ___ months  ____ 
c. If yes, approximately how many allergic reactions to food in the past year?  ____ 
                Please check one. 
___None 
___1 to 3 
___More than 3 
 
55. (If any in the past year) What foods 
caused the reactions? 
What was the reaction?  Please check all that apply. For office 
use only 







a. Milk or milk products      
b. Eggs or foods containing eggs      
c. Fruits, such as strawberries; please specify      
      
d. Nuts, such as peanuts; please specify       
      
e. Other foods; please specify      
      
 
56. a. Has your child had a runny or stuffed nose or sneezing that was not a cold? ___Yes   ___ No ____ 
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57. What things make your child sneeze or have a runny nose? 
  Please check all that apply. For office use only 
a. Antibiotics                                                                       
b. Other medicines                                                              
c. House dust or house dust mites                                        
d. Cockroaches                                                                     
e. Pollens                                                                              
f. Cats                                                                                  
g. Dogs                                                                                 
h. Rats                                                                                 
i. Mice                                                                                
j. Other animals                                                                   
k. Mold or dampness , such as in bathrooms                      
l. Plants or grasses   
m. Other; please specify                                                     
   
 
 
58. a. Has your child had eczema (irritated, rough, or flaking skin in backs of elbows or  
knees or other parts of the body that tend to be sweaty)?  ___Yes      ___ No ____  
      b. If yes, how old was your child the first time? ___ ___ months  ____ 
      c. How many times did he/she have eczema in the past year?   Please check one.  ____ 
___None 
___1 to 3 
___More than 3 




























59. What things cause your child’s eczema? Please check all that apply. 
____a.  Foods; please specify_________________________________________ ____ 
 
____b. Clothing/ bedding; please specify________________________________  ____ 
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60.a. Does your child have any other allergies or allergic reactions?  ___Yes      ___ No ____ 
   
b. What things cause these 
reactions?   
What type of reaction does your child have?   
Please check all that apply. 
For office 
use only 







Antibiotics       
Other medicines       
House dust or house dust mites       
Cockroaches       
Pollens       
Cats       
Dogs      
Rats       
Mice      
Other animals       
Mold or dampness, such as in 
bathrooms 
     
Other; please specify      
      
 
 
61. Has your child had any other serious medical problems besides asthma?  ___Yes      ___ No ____ 
 
If yes, please list 
 
Was your child ever hospitalized for this condition? 
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62. Is your child taking any medications (not asthma medications) regularly?  ___Yes      ___ No ____ 
 
 Please check all that apply. Please specify For office use only 
Allergy medications    
Pain medications    
Cold medications    
Cough medications     
Laxatives    
Indigestion medications    
Sleep aids    
Medications for motion 
sickness 
   
Medications for 
hyperactivity  
   
Others; please specify name 
and purpose 
   
    
 
 
63. Have your child’s parents ever had any conditions listed below?        ___Yes      ___ No ____ 
      Please check all that apply. 
 Mother Father 
Condition Ever In past 12 months Ever In past 12 months 
Asthma     
Other lung disease     
Eczema     
Hay fever     
Allergy or allergic reaction to:     
Milk products     
Food other than milk     
Antibiotics or other medicines     
House dust or house dust mites     
Cockroaches     
Pollens (grasses, trees, flowers, etc.)     
Animals (cats, dogs, mice, etc.)     
Insect bites (including bee stings)     
Molds or fungus     
Clothing (wool, etc.)     
Worm or parasite infection     
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64. Has your child ever had or been vaccinated against: 
Disease Vaccinated 
Please check 
all that apply 
Age at vaccination 
(in months)  
Had  
Please check 
all that apply 
Age at diagnosis 
(in months) 
Pertussis (whooping cough)     
Measles     
Mumps     
Rubella (German measles)     
Tuberculosis (BCG vaccination)     
Other; specify 
 
    
 
65. Has your child ever had: 
  Please check all that apply Age at diagnosis (in months) 
Pneumonia   
Bronchitis   
Bronchiolitis   
Croup   
Sinus trouble, sinusitis, sinus infection   
Injuries   
Worm or parasite infection   
Other illnesses or accidents, please specify   
   
 
66. In the past 12 months, approximately how many visits has your child made to any of the following: 
Type of care provider For asthma/wheeze For allergies For other conditions; please specify 
Nurse    
Family doctor    
Specialist    
Hospital emergency 
department 
   
Acupuncturist    
Chiropractor    
Homeopath    
Physical therapist    
Psychiatrist/psychologist    
Social worker    
Faith healer    
Herbalist    
Other practitioner; specify    
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Changes in diet     
Nutritional supplements*     
Herbal, botanical, or other 
plant-based medications taken 
by mouth** 
    
Other types of medication or 
treatment by mouth 
    
Ointments, creams, or other 
treatments applied to the skin 
    
Other medications administered 
directly to your child by some 
other route 
    
Detoxification treatments     
Water treatment or 
hydrotherapy 
    
Aromatherapy or other 
treatment intended to be inhaled 
    
Touch therapies or manual 
healing 
    
Bioenergetic treatments     
Prayer for healing     
Other treatments; please specify     
    
 
*Which supplements did your child use?   Please check all that apply.   
Acidophilus                           Manganese                                         
Antioxidants                          Melatonin                                           
Arginine                                 Probiotics                                            
Beta carotene   Promensil                                             
Bioflavonoids                         Spirulina or other algae products       
Cholestin                                Tocopherol (Vitamin E)   
Chondroitin                            Tryptophan                                         
Cod liver oil   Vitamin A   
Coenzyme Q10   Vitamin B1   
DHEA                                    Vitamin B2   
Folic acid  Vitamin B3   
Glucosamine                           Vitamin B6   
Grape seed extract   Vitamin B12   
L-carnitine                              Vitamin C (ascorbic acid)   
Lysine                                    Vitamin D   
Magnesium                            Zinc                                                   
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** Which herbal agents did your child use?  Please check all that apply.   
Aloe vera  Kava kava  
Angelica                              Kombucha                                      
Arnica                                  Lavender                                          
Ashwangandha                    Lemon balm  
Astragalus                           Licorice root  
Bilberry                               Linden                                             
Black cohosh  Maté, yerba maté  
Borage seed oil  Maitake mushrooms  
Calendula                            Meadowsweet                                  
Castor oil  Milk thistle  
Cayenne                              Mistletoe                                          
Chamomile                         Motherwort                                      
Chaste tree  Mullein                                            
Dandelion                           Oatstraw                                          
Dong quai  Peppermint                                      
Echinacea                           Plaintain                                           
Elder                                  Red clover  
Ephedra                             Reishi                                               
Essiac                                Spearmint                                         
Evening primrose oil  St. John’s wort  
Fennel                               Tea tree oil  
Feverfew                           Thyme                                              
Flaxseed oil  Turmeric                                           
Garlic                                Uva ursi  
Ginger root  Valerian                                           
Gingko biloba  Vitex                                                 
Ginseng root   Wild yam   
Goldenseal                        Yarrow                                            
Hawthorn                         Yucca                                              
Other(s); please specify    
    
 
68. How many hours per day does your child watch television? ___ ___  ____  
 
69. How many hours per day does your child play computer games? ___ ___  ____ 
 
70. How many hours per day does your child play outdoors? ___ ___  ____ 
 
71. How many hours per day does your child play in an indoor gym/playground? ___ ___  ____ 
 
72. How many meals per day does your child eat while watching television ___ ___  ____ 
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74. Does your child wear any metal jewelry all or most of the time? ___Yes      ___ No ____ 
 
75. a. Has your child ever had a fever (rectal temperature greater than 100.00)? ___Yes      ___ No ____ 
 b. If yes, how many times did your child have a fever in the first year after birth?  ____ 
___None 
___1 to 3 
 ___More than 3 
 c. If yes, how many times did your child have a fever in the second year after birth? ____ 
___None 
___1 to 3 
 ___More than 3 
 
76. Has your child ever been diagnosed with scabies?  ____ 
 
77. Has anyone else in your household been diagnosed with scabies since your child was born? ____ 
 
78. Has your child ever had a toothache?  ___Yes      ___ No   ____ 
 
79. Has your child ever seen a dentist for toothache?  ___Yes      ___ No  ____ 
 
80. Has your child ever seen a dentist for routine dental care? ___Yes      ___ No ____ 
 
If your child has never received care from a dentist, please skip to question 82. 
 
81. If your child has seen a dentist for routine or special care, when did your child last see the  ____ 
dentist? 
a. ___ Less than 6 months ago 
b. ___ 6-12 months ago 
c. ___ 1 –2 years ago 
d. ___ More than 2 years ago 
 
82. How often does your child brush his/her teeth?  ____ 
a. ___ Less than once a day 
b. ___ Once a day 
c. ___ More than once a day 
d. ___ Never 
e. ___ Don’t know 
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The next group of questions is about your child’s home. 
 
B1. Which best describes the building in which your child lives? Please circle only one.  ____ 
An apartment building; please specify how many apartments ________________ ____ 
If apartment building; please specify what floor _____________ ____ 
A townhouse or brownstone; please specify how many apartments ____________ ____ 
A house detached from other houses; please specify how many apartments ____________ ____ 
Other; please specify _______________________________________ ____ 
B2. About when was this building originally built?  Do not count remodeling, additions, or  





B3. How many rooms in total does your child’s home have? ___ ___  ____   
       Include the kitchen but not bathrooms or hallways. 
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Please describe the rooms in your child’s home. 
* If there is more than 1 other room, choose the one where the child spends the most time. 













B5. Is this room 
In the basement 
(below ground 
level) 
       
Directly over 
basement 
       
Neither        
B6. Do the walls in this room have: 
Damp spots        
Visible mold or 
fungus 
       
Neither        
B7. How many 
windows does this 
room have? 
       
B8. What kind of window frames does this room have? 
Old, loose 
frames 
       
New, tight 
frames 
       
No windows        
B9. Do the windows have 
No coverings        
Curtains        
Blinds        
Shades        
Other coverings        
 
 
B10. In the past 12 months, have you seen the following in any of these rooms?  Please check all that apply 
 Water damage from leaks or floods? Mold or mildew on surfaces? 
Kitchen   
Child’s bedroom   
Dining room   
Family/TV room   
Parents’ bedroom   
Utility/laundry room   
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B11. Does the home contain a clothes dryer? ___Yes      ___ No ____ 
IF YES, is the clothes dryer  ___Gas      ___Electric  ____ 
IF YES, is the clothes dryer vented to the outside?  ___Yes      ___ No ____ 
 
B12. After clothes are washed, are they hung inside your child’s home?  ___Yes      ___ No ____ 
 
Where does your child usually B13. Sleep at 
night? 
B14. Sleep in the 
daytime? 
B15. Spend the most time 
when awake? 
Kitchen    
Child’s bedroom    
Family/TV room    
Parents’ bedroom    
Utility/laundry room    
Another room; please specify: 
 
   
Outside the home; please 
specify: 
   
 
B16. How many people besides your child live in your child’s home? ___ ___   Please list them.  ____ 
 
Relationship Age Sex 
Mother                                                                
Father                                                                 
Brothers/sisters                                                  
Brothers/sisters                                                  
Brothers/sisters                                                  
Brothers/sisters                                                  
Other family member(s); relationship?   
Other family member(s); relationship?   
Other family member(s); relationship?   
Others; specify   




B17. Does your child share: The room where he/she sleeps with The bed where he/she sleeps with 
 Sometimes All/Most of 
Time 
Never Sometimes All/Most 
of Time 
Never 
Mother       
Father       
Brothers/sisters/how many       
Other family member(s)       
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B18.  Does your child sleep on or with a pillow?  ___Yes      ___ No ____ 
                
B19. When your child goes to sleep at night, how many stuffed animals are in the bed? ____  
 ___ None 
 ___ 1-5 
 ___ 6-10 
 ___ More than 10  
 
B20. How many stuffed animals are in the room where your child sleeps but not in the bed?  ____  
 ___ None 
 ___ 1-5 
 ___ 6-10 
 ___ More than 10 
  
B21.  In the past 12 months, have you noticed signs of any of the following in your child’s home? 
 Please check all that apply For office use only 
Rats   
Mice   
Ants   
Termites   
Cockroaches   
Other insects or pests; please specify   
   
 
 
B22.  If yes to cockroaches, how many cockroaches have you seen at one time in your kitchen in the  
past month?  ____ 
 ___ None 
 ___ 1 to 10 
 ___ 11 to 20 
 ___ 21 to 100 
 ___ More than 100  
        
B23.  How many places has your child lived in since being born? __ __  (If ≤ 10, skip to B25.)  ____ 
 
B24. How many places has your child lived in for at least 6 months? __ __   ____ 
If your child has lived in more than 4 residences, complete the table below only for those in which your 
child lived for more than 6 months.   List the first home your child lived in first.  If your child spends 
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 B25. 
What addresses has your child lived in? 
Please include street, city or town, 










B28. How many 
apartments/family 
units were in the 
building? 
B29.  What 
kind of oven 
did it have? 
 
B30. What 
kind of stove 
did it have?  
B31.  What kind 
of heating fuel 








County               State               Zip 
 
 __ __/__ __ 






  __ __/__ __ 




























County               State               Zip 
  
 __ __/__ __ 





   
 __ __/__ __ 




























County               State               Zip 
 
 __ __/__ __ 






__ __/__ __ 




























County               State               Zip 
 
 __ __/__ __ 






  __ __/__ __ 
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For each of the places that your child has lived, please answer the following questions: 
 1st 2nd 3rd 4th 
B32. Was a fireplace or wood-burning stove used 
in this home at least 3 times per year? 
(if no, skip to B38) 
Yes,  No Yes,  No Yes,  No Yes,  No 
B33. If yes, did you burn Wood? Yes,  No Yes,  No Yes,  No Yes,  No 
B34. If yes, did you burn Coal? Yes,  No Yes,  No Yes,  No Yes,  No 
B35. If yes, did you burn Gas? Yes,  No Yes,  No Yes,  No Yes,  No 
B36. If yes, did you burn Synthetic logs? Yes,  No Yes,  No Yes,  No Yes,  No 
B37. Did you burn Anything else? Please specify Yes,  No Yes,  No Yes,  No Yes,  No 
 
 










B38. Lived in your child’s 
household before your child 
was born? 
       
B39. Have lived there since 
your child was born but are 
no longer there? 
       
B40. Lived in your child’s 
household in his/her first 
year of life? 
       
B41. Currently live in your 
child’s home? Since when? 
       
B42. Spend time in the 
room where your child 
usually sleeps? 
       
B43. Spend time in bed with 
your child? 
       
B44. Lived in your child’s 
home before your child 
moved in but not after? 
       
B45. Does your child have 
regular (>weekly) contact 
with outside the home? 
       
 
B46. How many people in your child’s home smoke cigarettes or other tobacco products? _____  ____ 
 
Product Mother Father Other household member 
 Number per  Number per  Number per  
Cigarettes  Day, Week  Day, Week  Day, Week 
Cigars  Day, Week  Day, Week  Day, Week 
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B47. Did anyone in your child’s household smoke cigarettes, cigars, or pipes regularly (more than 
1/week) in the past few years?  ___Yes      ___ No ____ 
 
B48. Which family members were smokers?  Please check all that apply 
Time period Mother Father Other household member 
This past year 2005    
Last year 2004    
2003    
2002    
2001    
2000    
1999    
1998    
 
B49. Have any changes been made in your home because of your child’s allergies/asthma/breathing     
problems?  ___Yes      ___ No ____ 
                                Please circle all that apply. How old was your child when this change was made? 
Removed pets   
Stopped or reduced smoking   
Changed pillows   
Changed bedding   
Changed floor covering   
Other changes; specify   
 
B50. How many people who take care of or spend a lot of time with your child, such as babysitters or  
grandparents, smoke? ___ ___  ____ 
 
B51.  How much time per week does your child spend outside the home with a babysitter or relative?  
___ mornings per week  ____ 
___ afternoons per week  ____ 
___ evenings per week  ____ 
___ nights (overnight) per week  ____ 
 
B52.  How many weeks per year does your child spend outside the home, such as visits to 
grandparents or vacation trips outside New York?  ___ ___ weeks  ____ 
 Where?         
 
B53.  Do people normally remove their shoes when they enter your child’s home?    ____ 
___Yes      ___ No 
 
Thank you for your help with this study. 
 





Nutrient Analysis Raw Data Dictionary 
                                                                        FILE DESCRIPTION: "RAW" SCANNED DATA 
  SWAN English, ver. 2002 Questionnaire (paper-and-pencil) Code Book 
 
This is an ASCII or "Text" file.  Responses to the questionnaire are 
stored in fixed locations as shown below, not separated by spaces.  Each 
questionnaire is stored in one line of data of 295 characters.  A 10-character 
ID number identifies each respondent's data; no other identifiers appear on 
the files.  Following this list of the variable names and locations is a 
description of the codes for each field and their meaning. 
 
 
                                          Resp.    Char      Fill      File 
      Prompt                              Width    type      Char    Location 
      ------                              -----   -------    ----    -------- 
 
 Respondent ID...........................   10    Any        None        1 
 Today's Date............................    6    Let/Dig     M         11 
 Ethnic group............................    1    Any         m         17 
 Sex.....................................    1    Let/Dig     M         18 
 Date of birth...........................    6    Any         M         19 
 Age.....................................    2    Let/Dig     M         25 
 Language................................    1    Any         M         27 
 Times on diet...........................    1    Any         M         28 
 How many vegetables eaten per day or ...    1    Let/Dig     M         29 
 How many fruits eaten per day or week...    1    Let/Dig     M         30 
 How many cold cereal servings...........    1    Let/Dig     M         31 
 Glasses of milk.........................    1    Any         M         32 
 How often use fat/oil in cooking........    1    Let/Dig     M         33 
 Cooking Fat - PAM OR NO OIL.............    1    0 or 1      0         34 
 Cooking Fat - Soft margarine............    1    0 or 1      0         35 
 Cooking Fat - Butter....................    1    0 or 1      0         36 
 Cooking Fat - Olive oil, canola oil.....    1    0 or 1      0         37 
 Cooking Fat - Vegetable oil.............    1    0 or 1      0         38 
 Cooking Fat - Diet margarine............    1    0 or 1      0         39 
 Cooking Fat - Lard......................    1    0 or 1      0         40 
 Cooking Fat - Crisco....................    1    0 or 1      0         41 
 Calcium fortified Orange juice..........    1    Let/Dig     M         42 
 Low Fat cheese…  .......................    1    Let/Dig     M         43 
 Low Fat ice cream     ..................    1    Let/Dig     M         44 
 Low Fat salad dressing..................    1    Let/Dig     M         45 
 Low Fat cake or cookies.................    1    Let/Dig     M         46 
 How often add salt......................    1    Let/Dig     M         47 
 How often eat skin on chicken...........    1    Let/Dig     M         48 
 How often eat fat on meat...............    1    Let/Dig     M         49 
 Doneness: 1=rare,2=med,3=well,4=notea...    1    Let/Dig     M         50 
 Do you take Vitamins/Minerals regular...    1    Let/Dig     M         51 
 Number of One-a-Day type w minerl typ...    1    Let/Dig     M         52 
 How Many Years: One-a-Day type w mine...    1    Let/Dig     M         53 
 Number of stress tabs b complex type....    1    Let/Dig     M         54 
 How Many Years: stress tabs b complex...    1    Let/Dig     M         55 
 Number of Antiox. Combination type ty...    1    Let/Dig     M         56 
 How Many Years: Antiox. Combination t...    1    Let/Dig     M         57 
 Number of Vitamin A.....................    1    Let/Dig     M         58 
 How Many Years of Vitamin A type........    1    Let/Dig     M         59 
 Number of Beta-Carotene.................    1    Let/Dig     M         60 
 How Many Years of Beta-Carotene type....    1    Let/Dig     M         61 
 Number of Vitamin C.....................    1    Let/Dig     M         62 
 How Many Years of Vitamin C type........    1    Let/Dig     M         63 




                                          Resp.    Char      Fill      File 
      Prompt                              Width    type      Char    Location 
      ------                              -----   -------    ----    -------- 
 
 How Many Years of Vitamin E type........    1    Let/Dig     M         65 
 Number of Folate........................    1    Let/Dig     M         66 
 How Many Years of Folate type...........    1    Let/Dig     M         67 
 Number of Calcium/Dolomite..............    1    Let/Dig     M         68 
 How Many Years of Calcium/Dolomite ty...    1    Let/Dig     M         69 
 Number of Zinc..........................    1    Let/Dig     M         70 
 How Many Years of Zinc type.............    1    Let/Dig     M         71 
 Number of Iron..........................    1    Let/Dig     M         72 
 How Many Years of Iron type.............    1    Let/Dig     M         73 
 Number of Selenium......................    1    Let/Dig     M         74 
 How Many Years of Selenium type.........    1    Let/Dig     M         75 
 MM for Vit D............................    2    Any         M         76 
 Minerals Y/N 1=Yes, 2=No, 3=DK?.........    1    Let/Dig     M         78 
 How many Mg/IU per Vitamin C tablet.....    1    Let/Dig     M         79 
 How many Mg/IU per Vitamin E tablet.....    1    Let/Dig     M         80 
 002 Bananas.............................    2    Let/Dig     M         81 
 001 Apples and applesauce...............    2    Let/Dig     M         83 
 162 Prunes, prune juice.................    2    Let/Dig     M         85 
 003 Peaches, apricots, canned/dried.....    2    Let/Dig     M         87 
 004 Peaches, apricots, fresh, seas......    2    Let/Dig     M         89 
 010 Oranges, grapefruit, in season......    2    Let/Dig     M         91 
 005 Cantaloupe (in season)..............    2    Let/Dig     M         93 
 166 Mangoes & papayas, in season........    2    Let/Dig     M         95 
 007 Watermelon (in season)..............    2    Let/Dig     M         97 
 009 Strawberries, oth berries, seas.....    2    Let/Dig     M         99 
 066 High fiber cereals..................    2    Let/Dig     M        101 
 068 Dry cereals,no fiber-fort, othr.....    2    Let/Dig     M        103 
 069 Cooked cereal or grits..............    2    Let/Dig     M        105 
 128 MILK ON CEREAL LINE ITEM............    2    Let/Dig     M        107 
 123 Breakfast bars, power bars..........    2    Let/Dig     M        109 
 122 Breakfast shakes/supplement.........    2    Let/Dig     M        111 
 121 Pancakes, waffles...................    2    Let/Dig     M        113 
 071 Eggs................................    2    Let/Dig     M        115 
 140 Egg substitutes.....................    2    Let/Dig     M        117 
 073 Sausage or bacon....................    2    Let/Dig     M        119 
 080 Cottage cheese......................    2    Let/Dig     M        121 
 081 Cheese,cheese spreads-reg...........    2    Let/Dig     M        123 
 082 Yogurt,frozen yogurt-reg............    2    Let/Dig     M        125 
 016 Green beans, string beans...........    2    Let/Dig     M        127 
 017 Peas................................    2    Let/Dig     M        129 
 018 Baked/kidney/chili/burritos.........    2    Let/Dig     M        131 
 019 Corn................................    2    Let/Dig     M        133 
 108 Alfalfa sprouts.....................    2    Let/Dig     M        135 
 146 Bean sprouts, regular...............    2    Let/Dig     M        137 
 022 Tomatoes/tomato juice...............    2    Let/Dig     M        139 
 023 Salsa, ketchup, taco sauce..........    2    Let/Dig     M        141 
 024 Broccoli............................    2    Let/Dig     M        143 
 025 Cauliflower, Brussels sprouts.......    2    Let/Dig     M        145 
 026 Spinach (raw or cooked).............    2    Let/Dig     M        147 
 028 Collard/kale/mustard/turnip.........    2    Let/Dig     M        149 
 029 Coleslaw, cabbage...................    2    Let/Dig     M        151 
 020 Carrots, mixed veg/carrots..........    2    Let/Dig     M        153 
 031 Green salad.........................    2    Let/Dig     M        155 
 064 Sal dressing, mayo-reg/lowfat.......    2    Let/Dig     M        157 
 032 French fries, fried potatoes........    2    Let/Dig     M        159 
 034 White potatoes baked, mashed........    2    Let/Dig     M        161 




                                          Resp.    Char      Fill      File 
      Prompt                              Width    type      Char    Location 
      ------                              -----   -------    ----    -------- 
 
 103 Tofu, bean curd.....................    2    Let/Dig     M        165 
 186 Meat subst, soy ptn, soy burger.....    2    Let/Dig     M        167 
 Do you eat meat? 1=Yes, 2=No............    1    Let/Dig     M        169 
 038 Ham/cheeseburg,mtlf,home/rest.......    2    Let/Dig     M        170 
 039 Beef,roasts,steaks,sand.,strfry.....    2    Let/Dig     M        172 
 041 Liver incl. chicken liver...........    2    Let/Dig     M        174 
 042 Pork, inc chops, roasts, stfry......    2    Let/Dig     M        176 
 043 Fried chicken, home/rest............    2    Let/Dig     M        178 
 044 Chicken/turk-roast,broil, sand......    2    Let/Dig     M        180 
 187 Chicken stew, pot pie, stir-fry.....    2    Let/Dig     M        182 
 045 Fried fish, sand-home/rest..........    2    Let/Dig     M        184 
 046 Tuna, salad/casserole/sand..........    2    Let/Dig     M        186 
 047 Shellfish-shrimp,crab,oyst, etc.....    2    Let/Dig     M        188 
 048 Fish (broiled, baked), other........    2    Let/Dig     M        190 
 040 Beef stew, pot pie..................    2    Let/Dig     M        192 
 049 Spag,tom sc,meat,las/pas in tom.....    2    Let/Dig     M        194 
 051 Cheese dishes without tom sauce.....    2    Let/Dig     M        196 
 180 Pasta salad, other-no tom sauce.....    2    Let/Dig     M        198 
 050 Pizza, including carry-out..........    2    Let/Dig     M        200 
 053 Hot dogs............................    2    Let/Dig     M        202 
 054 Ham,bologna,lun meats-reg/turk......    2    Let/Dig     M        204 
 139 Lentil, pea or bean soup............    2    Let/Dig     M        206 
 055 Vegetable soup w/ carrots/veg.......    2    Let/Dig     M        208 
 110 Miso soup (paste)...................    2    Let/Dig     M        210 
 056 Other soups-chkn noodle/cup-a-s.....    2    Let/Dig     M        212 
 035 Rice or dishes with rice............    2    Let/Dig     M        214 
 111 Soy sauce, in cooking or added......    2    Let/Dig     M        216 
 120 Biscuits, muffins...................    2    Let/Dig     M        218 
 119 Bagels, Eng.muffins, buns, pita.....    2    Let/Dig     M        220 
 057 Bread-white, wheat..................    2    Let/Dig     M        222 
 059 Cornbread, corn tortillas...........    2    Let/Dig     M        224 
 158 Nachos w. cheese, potato skins......    2    Let/Dig     M        226 
 060 Salty snacks (chips, popcorn).......    2    Let/Dig     M        228 
 061 Peanuts, peanut butter..............    2    Let/Dig     M        230 
 063 Margarine...........................    2    Let/Dig     M        232 
 062 Butter..............................    2    Let/Dig     M        234 
 074 Ice cream...........................    2    Let/Dig     M        236 
 075 Doughnuts, pastry...................    2    Let/Dig     M        238 
 178 Cookies, cake - regular.............    2    Let/Dig     M        240 
 076 Pumpkin pie.........................    2    Let/Dig     M        242 
 077 Pies other than pumpkin.............    2    Let/Dig     M        244 
 078 Chocolate candy.....................    2    Let/Dig     M        246 
 011 Orange juice, grapefruit juice......    2    Let/Dig     M        248 
 137 Apple juice, grape juice............    2    Let/Dig     M        250 
 083 Whole/choco milk, not on cereal.....    2    Let/Dig     M        252 
 084 2 %/choco milk, not on cereal.......    2    Let/Dig     M        254 
 085 Skim/1% milk, not on cereal.........    2    Let/Dig     M        256 
 154 Soy milk............................    2    Let/Dig     M        258 
 114 Chinese herbs in soup or tea........    2    Let/Dig     M        260 
 014 Vit.C-rich drinks, Kool., Hi-C......    2    Let/Dig     M        262 
 159 Snapple, sweet bott drnks./Cali.....    2    Let/Dig     M        264 
 087 Diet cola soft drinks...............    2    Let/Dig     M        266 
 086 Cola soft drinks (not diet).........    2    Let/Dig     M        268 
 088 Beer................................    2    Let/Dig     M        270 
 089 Wine or wine coolers................    2    Let/Dig     M        272 
 090 Liquor or mixed drinks..............    2    Let/Dig     M        274 




                                          Resp.    Char      Fill      File 
      Prompt                              Width    type      Char    Location 
      ------                              -----   -------    ----    -------- 
 153 Green tea (nutrs of black tea)......    2    Let/Dig     M        278 
 093 Tea-Black/English...................    2    Let/Dig     M        280 
 096 Cream, nondairy/half & half.........    2    Let/Dig     M        282 
 095 MILK IN COFFEE/TEA (BY PROGRAM).....    2    Let/Dig     M        284 
 070 Sugar on cereal/coffee/tea..........    2    Let/Dig     M        286 
 booklet number..........................    8    Any         M        288 
 
                         
 
  
MISSING and ERROR Codes.   
 
If questions were omitted by the respondent, or marked in ink, or marked 
too lightly with pencil, they are perceived by the scanner as missing, 
and the field is given a code of "M".  They contribute nothing to the 
nutrient analyses.  "E" is used to indicate a scanning error, mainly to 
indicate that 2 or more choices have been shaded for a question 















2= African American 
3=Japanese 





1 = Male 
2 = Female 
 
DATE OF BIRTH 










LANGUAGE USUALLY SPOKEN AT HOME 
1 = English 
2 = Something else 
3 = English and something else equally 
 
 
NUMBER OF TIMES ON WEIGHT LOSS DIET 




2 = 1-2 times 
3 = 3-5 times 
4 = 6-8 times 
5 = 9-11 times 







Each of the summary questions ("How often use fat/oil in cooking", etc.) 
is coded as follows: 
1 = Less than once per week 
2 = 1-2 per week 
3 = 3-4 per week 
4 = 5-6 per week 
5 = 1 per day 
6 = 1.5 per day 
7 = 2 per day 
8 = 3 per day 
9 = 4+ per day 
 





TYPE OF COOKING FAT  
 
Each of the fat types is coded as follows: 
0 = Not Marked 
1 = Marked (selected by the respondent) 
 





TAKE VITAMINS/MINERALS REGULARLY? 
 
1 = No 







Refer to previously listed Code book for list of vitamins and their 
column locations 
 
For each supplement, there are two data segments as follows: 
 
How Often 
1 = Don't take 
2 =   1-3 days per week   
3 = 4-6 per week 
4 = Every day 
 
 
For How Many Years?  
1 = Less than 1 year 
2 = 1 year 




4 = 3-4 years 
5 = 5-9 years 
6 = 10+ years 
 
TYPE OF MULTIPLE VITAMIN 
 
1 = Contain minerals 
2 = Do not contain minerals 
M = Don't know 
 
Note that unless you write a program to handle it, or use the analysis 
services of Block Dietary Data Systems, this question is ignored in any 
calculations.  The default vitamin type used for the "Regular Once-a-Day 
type" is "with minerals". 
 
 
UNITS PER TABLET 
 
How many milligrams Vitamin C per day? 
1 = 100 mg 
2 = 250 mg 
3 = 500 mg 
4 = 750 mg 
5 = 1000 mg 
6 = 1500 mg 
7 = 2000 mg 
8 = 3000+ mg 
M = Don=t know 
 
How many units (I.U.) Vitamin E per day? 
1 = 100 I.U. 
2 = 200 I.U. 
3 = 300 I.U. 
4 = 400 I.U. 
5 = 600 I.U. 
6 = 800 I.U. 
7 = 1000 I.U. 
8 = 2000+ I.U. 







Two characters are used to code the frequency and serving size for each 
food.  The 1st character is the coded frequency, the second is serving 
size.  
 
  Food Coding Scheme Number:  1 
 
       1 means   0.0 per Never 
       2 means   1.0 per Month 
       3 means  28.0 per Year 
       4 means   1.0 per Week 
       5 means   2.0 per Week 
       6 means  13.0 per Month 
       7 means  22.0 per Month 
       8 means   1.0 per Day 
       M means Missing, No Response 
       E means Error, Multiple Marks 
 




           1-34,36-56,58,64-73,79-110,112-116,118,121-157,159-176, 
           179-207 
 
 
   Food Coding Scheme Number:  2 
 
       1 means   0.0 per Never 
       2 means   1.0 per Month 
       3 means  28.0 per Year 
       4 means   1.0 per Week 
       5 means   2.0 per Week 
       6 means  13.0 per Month 
       7 means  22.0 per Month 
       8 means   1.0 per Day 
       9 means   2.0 per Day 
       M means Missing, No Response 
       E means Error, Multiple Marks 
 
       The above Coding Scheme is used for the following foods: 
           35,57,59-63,74-78,111,117,119-120,158,177-178 
 
 
Coding Scheme for Serving Sizes 
 
For foods asked as A,B,C,D 
1 = 1/4 cup of food 
2 = 1/2 cup of food 
3 = 1 cup of food 
4 = 2 cups of food  
 
For all other foods, and beverages 
Coded from left to right as 1,2,3,4. Refer to each food=s portion 
size prompts for coding equivalents.    
 
 




LOW FAT FOODS AND OTHER "ADJUST" QUESTIONS 
 
Refer to previously listed Code book for list of these foods and their 
column locations.  
 
Calcium-fortified orange juice 
1 = Usually 
2 = Sometimes 
3 = Hardly ever 
M = I don=t know 
M = I don=t drink orange juice 
 
Low fat: Cheese, Ice cream, Salad dressing, Cake or cookies: 
1 = Usually low-fat 
2 = Sometimes 
3 = Hardly ever 
M = Don=t know/Don=t eat 
 
Do you ever eat chicken, meat or fish? 
1 = yes 
2 = No 
 
 





1 = Avoid eating   
2 = Sometimes eat 
3 = Often eat 
M = Don=t eat meat, or missing 
 
How do you like beef cooked 
1 = Rare 
2 = Medium 
3 = Well done 





The eight-digit booklet number is given as the last 8 characters of the 
file.  They may be used to confirm that the pages of two different 









 Block Dietary Data Systems 
 
FILE CONTENTS, YOURNAME.ASC, resulting from analysis of SWAN_02  
English and Spanish FFQ 
 Variables are separated by spaces 
 M = “Missing” for all variables 
 
  1    ID    10-digit ID # 
 
  2    Booknum   Booklet number 
 
  3    Sex    1=Male 
2=Female 
 
  4    Age    2-digit 
 











































11    TAKEVITS   Took vitamins past year 
1=No, not regularly 




 12    YrsOneA   Years took multivitamins 







 13    YrsAO    Years took antioxidant vitamin combination 
Like Var. 11 
 
 14    YrsVitA    Years took vitamin A 
Like Var. 11 
 
 15    YrsBeta    Years took beta-carotene 
Like Var. 11 
 
 16    YrsVitC    Years took vitamin C 
Like Var. 11 
 
 17    YrsVitE    Years took vitamin E 
Like Var. 11 
 
 18    YrsCalci   Years took calcium 
Like Var. 11 
 
 19    YrsIron    Years took iron 
Like Var. 11 
 
 20    YrsZinc    Years took zinc 
Like Var. 11 
 
 21    YrsSele    Years took selenium 








22    YrsVitD    Years took Vitamin D 






 Daily Nutrients from FOOD 
 
 23    CALORIES    (Kcal) 
 24    PROTEIN    (g) 
 25    TOTAL FAT    (g) 
 26    CARBOHYDRATE   (g) 
 27    CALCIUM    (mg) 
 28    PHOSPHORUS   (mg) 
 29    IRON      (mg) 
 30    SODIUM    (mg) 
 31    POTASSIUM    (mg) 
 32    VITAMIN A    (IU) 
 33    VITAMIN A    (RE) 
 34    THIAMIN (B1)   (mg) 
 35    RIBOFLAVIN (B2)   (mg) 
 36    NIACIN     (mg) 
 37    VITAMIN C    (mg) 
 38    SATURATED FAT   (g) 
 39    MONOUNSATURATED FAT (g) 
 40    POLYUNSATURATED FAT  (g) 
 41    CHOLESTEROL   (mg) 
 42    FIBER       Total dietary fiber (g) 
 43    FOLATE    (mg) 
 44    VITAMIN E    a-TE 
 45    ZINC        (mg) 
 46    ANIMAL ZINC   Zinc from animal sources (mg) 
 47    VITAMIN B6    (mg) 
 48    MAGNESIUM    (mg) 
 49    ALPHA-CAROTENE   (ug) 
 50    BETA-CAROTENE   (ug) 
 51    CRYPTOXANTHIN   (carotenoid) (ug) 
 52    LUTEIN     (carotenoid) (ug) 
 53    LYCOPENE    (carotenoid) (ug) 
 54    RETINOL    (preformed Vit. A, ug) 
 55    "CAROTENE"   Provitamin A carotenoids (ug) 
 56    GENISTEIN    Genistein (ug) 
 57    DAIDZEIN    Daidzein (ug) 
 58    COUMESTROL   Coumestrol (ug) 











60   GRAMSF   Grams of solid food (g) 
  
 Percents of Calories 
 
 61    PCTFAT   % of Kcal from fat 
 62    PCTPROT   % of Kcal from protein 
 63    PCTCARB   % of Kcal from carbohydrate 
 64    PCTSWEET   % of Kcal from sweets, desserts 
 65    PCTALch   % of Kcal from alcoholic beverages 
 
 Percents of Calories, calories from alcoholic beverages 
 excluded from denominator 
 
 66    BA_PFAT   % fat cals, alcoholic beverages excluded from denominator 
 67    BA_PPROT    % prot cals, " " " " " " 
 68    BA_PCARB   % carb cals,  " " " " " " 
 
 Fiber from different sources 
 
 69    FIBBEAN   Dietary fiber from beans (g) 
 70    FIBVEGFR   Dietary fiber from vegetables & fruits (g) 
 71    FIBGRAIN   Dietary fiber from grains (g) 
 
 Nutrients from vitamin supplements 
 
 72    TAKEVITS   Took vitamins past year 
1=No, not regularly 
2=Yes, fairly regularly  
  
 73    SUP_VITA   Average daily Vit A from supplements (IU) 
 74    SUP_VITC   " " Vit C " " (mg) 
 75    SUP_VITD   " " Vit D " " (IU) 
 76    SUP_VITE   " " Vit E " " (a-TE) 
 77    SUP_IRON   " " IRON " " (mg) 
 78    SUP_CALC      " " CALCIUM " (mg) 
 79    SUP_ZINC    " " ZINC " " (mg) 
 80    SUP_Beta     " " beta-car " (ug) 
 81    SUP_B1     " " B1 or B2 " (mg) 
 82    SUP_B6     " " B6  " (mg) 
 83    SUP_B12     " " B12  " (ug) 
 84    SUP_FOL      " " FOLATE " (mg)  
 85    SUP_COP      " " COPPER " (mg) 






87    SUP_RIBO    "  " B2   "  (mg) 
88    SUP_MG    " "  MAGNESIUM “ (mg) 





Food Group Servings  
(Pyramid definitions of food categories, and approximate serving size definitions) 
 
90    VEGSRV   Daily frequency of vegetables  
91   FRUITSRV   "        servings   of fruits & fruit juices 
92   GRAINSRV   "         "     " breads, cereals, rice, pasta 
93   MEATSRV   "         "    " meat, fish, poultry, beans, eggs 
94   DAIRYSRV   "         "             " milk, yogurt, cheese 




 Error Flags 
 
 96   N_SKIP    Number of food items skipped 
 97   N_FDSDAY   Number of solid foods consumed per day 
 98   PCT_SMAL   Percent of foods marked as "small portion" 
 99   PCT_LARG   Percent of foods marked as "large portion" 
 100   PCT_XLS   Percent of foods marked as "extra large portion" 
 101   PCT_COL1   Percent of foods marked as "never or less than 1/month" 
 102 N_HIGHS   Number of foods with "too high" frequency 
 103 N_HIGRUP   Number of food groups with "too high" total frequency 
 104 N_WARNS   How many "warnings" were applied (See Edit Report) 
 105 N_ERRORS   How many "serious errors" were applied (Error levels 
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